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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related ^plications 
This application is related to the following co-pending applications: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
5 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791 .7.02, filed on 2/23/2000, (3) U.S. patait ^plication soial no. 09/502350, 
attorn^ docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338. attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 

10 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. ; 
patent application serial no. 09/559^22, attorney docket no. 25791 .23.02, filed on 

15 4/26/2000, (10) PCT patent application serial no. PCT/USOO/ 18635, attorney docket 
no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent ^plication serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 

20 attorney docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisional patent 

application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent application serial lio. 60/159,033, attorney docket no. 
25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359. attorney docket no. 2579138, filed on 6/19/2000, (17) U.S. provisional 

25 patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. 60/221,443, attorney 
docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application 
serial no- 60/22 1 ,645, Attorney docket no. 25791 .46, filed on 7/28/2000, (20) U.S. 
provisional patent application serial no. 60/233,638, attorney docket no. 25791.47, 

30 filed on 9/1 8/2000, and (2 1) U.S. provisional patent application serial no. 
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60/237,334, filed on October 2, 2000. Applicants incorporate by reference the 
disclosures of these applications. 

Background of the Invention 

This invention relates generally to wellbore casings, and in particular to 
wdlbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a nmnbCT of casings are installed 
in the borehole to prevent collapse of the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid bom flie formation into 
the borehole. The borehole is drilled in intervals whereby a casing which is to be 
installed in a lower borehole interval is lowered through a previously installed 
casing of an upper borehole interval. As a consequence? of this procedure the casing 
of flie lower interval is of sn^ler diameta: than the casing of the upper interval. 
Thus, the casings are in a nested arrangement wifli casing diameters decreasing in . 
downward direction. Cement annuli are provided between the outer surfaces of the 
casings and the borehole wall to seal the casings from tiie borehole wall. As a 
consequence of this nested arrangement a relatively large borehole diametCT is 
required at the upper part of flie wellbore. Such a large borehole diameto^ involves 
increased costs due to heavy casing handling equipment, large drill bits and 
increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling 
rig time is involved due to required cemmt punqiing, craient hardening, required 
equipment dianges due to large variations in hole diameters driOlled in flie course of 
the well, and flie large volume of cuttings drilled and removed - 

The present invention is directed to overcoming one or more of the 
.limitations of flie existing procedures for forming wellbores. 

Summary of the Invention 
According to one aspect of the invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided fliat includes means 
for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of flic tubular member to a second outside diametCT. 



According to another aspect of the present invention, an apparatus for 
plastically deforming andradially expanding a tubular member is provided that 
includes a tubular support member including a first fluid passage, an expansion cone- 
coiq>led to the tubular support member having a second fluid passage fluidicly 
coupled to the first fluid passage and an outer conical sur&ce» a removable annular 
conical sleeve coupled to the outer conical surface of the expansion cone, an annular 
expansion cone launcher coiq>led to fbc conical sleeve and a lower pc^on of the 
tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. According to another aspect of the present invention, a 
method of plastically deforming and radially expanding a tubular member is 
provided that includes plastically deforming and radially expanding a portion of the 
tubular member to a first outside diameter, and plasticaDy deforming and radially 
expanding another, portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes plastically * 
deforming and radially expanding a first portion of the first tubular member to a fiirst 
outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to fte first portion of 
the first tubular member, plastically deforming and radially expanding the second 
tubular member to a third outside diameter, and plastically deforming and radially 
expanding flie second tubular member to a fourth outside diameter. The inside 
diameters of tfie first and second tubular members after the plastic deformations and 
radial mansions are substantially equal 

According to another aspect of the present invention, an apparatus for coupling ' 
a first tubular member to a second tubular member is provided that includes means 
for plastically deforming and radially expanding a first portion of the first tubular - 
member to a first outside diameter, means for plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the: first portion of the first tubular member, means for 



plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and means for plastically deforming and radially expanding the 
second tubular member to a fourth outside diameter. The inside diamet^ of the 
first and second tubular members ^^ter the plastic deformations and radial 
5 expansions are substantially equal 

According to another aspect of the present invention, an ^paratus for 
forming a wellbore casing witiiin a wellbore is provided that includes means for 
siq>porting a tubular meniber wifliin the wellbore, means for plastically deforming 
and radially e3q)anding a first portion of the tubular member to a first outside 

1 0 diameter, and means for plastically deforming and radiaDy expanding a second 
portion of the tubular member to a second outside diamet^. 

Accordmg to anotiier aspect of the present invention, an apparatus for 
forining a wellbore casing within a wellbore is provided that include$ a tubular 
siqyport member including a first fluid passage, an expansion cone coupled to the 

1 5 tubular siy>port member having a second fluid passage fluidicly coupled to the first 
fluid passage and an outer conical surface, a removable annular conical sleeve 
coupled to the outer conical surface of the expansion cone, an annular expansion 
cone launcher coupled to the conical sleeve and a \6wer portion of the tubular 
member, and a shoe having a valveable passage coupled to an end of the expansion 

20 cone launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes supporting a tubular 
member within a wellbore, plastically deforming and radially expanding a portion of 
the tubular member to a first outside diameter, and plastically deforming and 

25 radially expanding another pcHlibn of the tubular noember to a second outside 
diameter. 

According to anothCT aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellbore is provided fliat includes 
supporting a first tubular member within the wellbore, plastically deforming and 
30 radially expanding a first portion of the first tubular member to a first outside 

diameter, plastically defcMming and radially expanding another portion of the first 
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tubular meinbeT to a second outside diametei; positioning the second tubular 
member inside the j5rst tubular memb^ in overlapping relation to the first portion of 
the first tubular member, plastically deforming and radially expanding the second 
tubular member to a third outside diameter^ and plastically deforming and radially 
5 expanding the second tubular member to a fourth otitside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantiaUy equaL 

According to another ^ispect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular memb^ is provided ^t includes means 

1 0 for plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, means for plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubidai member, means for 

1 5 • plastically deforming aiid radially expanding the second tubular member to a third 
outside diameter, and means for plastically defmiiiing and radially expanding the 
second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial 
expaiisions are substantially equal. 

20 According to another aspect of the present invention, an apparatus for 

plastically deforming and radially expanding a tubular member is provided that 
includes means for providing a lipped portion in a portion of fee tubular member, 
and means for plastically deforming and radially expaiiding another portion of the 
tubular member. 

25 According to mother aspect of the present invention, an apparatus for 

plastically deforming and radially expanding a tubular member is provided that 
includes a tubular support member including a first fluid passage, an expansion cone 
. coupled to the tubular support member having a second fluid passage fluidicly 
coupled to the first fluid passage and an outer conical surface, an annular expansion 

30 cone launcher including: a first annular portion coupled to a lower portion of the 
tubular member, a second annular portion coupled to the first annular portion that 



mates with the outer conical surface of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diaineter, and a fourth 
annular portion coiq)led to the third annular portion having a second outside 
diameter, wherein the second outside diaineter is less than the first outside diameter, 
and a shoe having a valveable passage coupled to fourth annular portion of the 
e}q)ansion cone laundier. 

According to another aspect of the present invmtion, a method of plastically 
deforming and radially expanding a tubular memb^ is provided that includes 
providing a lipped portion in a portion of the tubular member, and plastically 
deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes providing 
a lipped portion in .a portion of the first tubular member, plastically .deforming and 
radially exjpanding another portion of the -first tubular member, positioning the 
second tubular membo- inside the first tubular member in overlapping relation to fte * 
lipped portion of the first tubular member, and plastically deforming aiwl radially 
expanding the second tubular member. The inside dianieters of the first and second 
tubular members aft^ the plastic deformations and radial expansions are 
substantially equal. 

According to aiiolher aspect of the present invention, an apparatus for 
coupling a first tubular member to a second tubular member is provided that 
includes means for providing a lifq^ed in the first tubular member, means for 
plastically deforming and radially expanding another portion of the first tubular 
member, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
means for plastically defic^mdng and radially expanding the second tubular member. 
The inside diametm of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal. 

According to another aspect of the pnresent invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes means for 
supporting a tubular member within the wellbore, means for providing a lipped 
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portion in the tubular member, and means for plastically deforming and radially 
expanding another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes a tubular 
support member including a first fluid passage, an expansion ccme coupled to die 
tubular support member having a second fluid passage fluidicly coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
including: a first annular portion coupled to a lower portion of the tubular member, a . 
second annular portion couple to the first annular portion that mates with the outer 
conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled 
to the third, annular portion having a second outside diameter, wherein the second 
outside dianaeter is less than the first outside diameter, and a shoe having a valyeable 
passage coupled to fourth annular portion of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing in a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, 
and plastically deforming and radially expanding another portion of the tubular 
member. 

According. to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellbore is provided that includes 
supporting a first tubular member within the wellbore, providing a lipped portion in 
a portion of the first tubular member, plastically deforming and radially expanding 
another portion of the first tubular member, positioning the second tubular member 
inside the first tubular member in overlapping relation to the lipped portion of the 
first tubular member, and plastically deforming and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and i^dial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
forming a mono-diameter wellbore casing within a wellbore is provided that 
includes means for providing a lipped in the first tubular member; means for 



plastically deforming and radiaUy expanding another portion of flie.first tubular 
member, means for positioning tbe second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
means for plastically deforming and radially expanding the second tubular member. 
5 The inside diameters of the first and second tubular membere after die plastic 
defonnations and radial e7q)ansions are substantially equal. 

According to anottier aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes means for plastically deforming and radially expanding a first end of the 
1 0 tubular member, and means for plastically deforming and radially expanding a 
second end of the tubular meml>CT. 

Accordmg to another aspect of the jwesent invention, an ^paratus for 
plastically defOTming and radially expanding a tubular member is provided that 
includes a tubular support member including a first passage, an expansion cone 
1 5 coiq)led to the tubular support having a second passage fluidicly coiq)led to the firat 
passage and an out^ conical surface, an annular expansion cone launcher movably 
coupled to outer conical surface of the expansion cone, an expandable tubular 
member coupled to an end of the iannular expansion cone launcher, a shoe coupled 
to another end of the annular expansion cone launcher having a valveable fluid 
20 passajge, and another annular expansion cone movably coupled to the tubular support 
membear. The annular expansion cones are positioiied in oiq)osite orientations. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular membCT is provided that includes 
plastically deforming and radially wcpandSng a first end of the tubular member, and 
25 plastically deforrhing and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, plastically deforming and radially expanding the end of the 
30 second tubular member that overlaps with the first tubular member, and plastically 
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deforming and radially expanding the remaining portibn of the second tubular 
. memb^. 

AoOTding to another aspect of the present invfention, an apparatus for 
coupling a first tubular member to a second tubular member is provided that 
includes means for positioning the second tubular member inside the first tubular 
member in an overlapping relationship, means for plastically deforming and radially 
expanding the end of the second tubular member that overlaps with the first tubular 
member, and means for plastically deforming and radially expanding the remaining 
portion of the secpnd tubular member. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes means for 
supporting a tubular memba- within the wellbore, means for plastically deforming 
and radially expanding a first end of the tubular member, and means for plastically 
deforming and radially expanding a second end of the tubular meniiber. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes a tubular 
support member including a first passage, an expansion cone coupled to the tubular 
support having a second passage fluidicly coupled to the first passage and an outer 
conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone,.an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and another 
annular expansion cone movably coupled to the tubular support member. TTie 
annular expansion cones are positioned in opposite orientations. 

According to another aspect of the present invention, a method of fonning a 
wellbore casing within a weUbore is provided that includes plastically deforming 
and radially expanding a first end of the tubular member, and plastically deforming 
and radially expanding a second end of the tubular member. 

According to another aspect of the present mvention, a method of forming a 
wellbore casing within a wellbore is provided that includes plastically deforming 
and radially expanding a first tubular member within the wellbore, positioning a 
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second tubular member inside the first tubular member in an overlap^ 
relationship, plastically deforming and radially expandbg the end of the second 
tubular member that overlaps with the first tubular member, andplastically 
deforming and radially expanding the remaining portion of the second tubular 
5 member. 

According to anoflier aspect of tfie preset invojtion, an apparatus for 
forming a wellbore casing wifliin a wellbore is provided that includes means for 
plastically deforming and radially expanding a first tubular member wifliin the 
wellbore, means for positioninig the second tubular member inside flie first tubular 
10 member in an overlapping relationshq). means for plastically deforming and radially 
expanding flie ead of the second tubular member that overlaps witii the first tubular 
member, and means for plastically deforming and radially e3q)anding the remaining 
portion of tb^ second tubular meniber. 

According to anoflier aspect of the present invention, an apparatus for 
15 bridging an axial gap between opposing pairs of wellbore casing within a wellbore is 
Fovided that includes means for suppwting a tubular member in ovcrlqjping 
relation to flje opposing ends of the wellbore casings, means for plastically 
deforming and radially expandmg the tubular member, and 
means for plastically defotn^ng and radially e2q)anding the tubvdar inember and fte 
20 oiq>osing ends of die wellbore casings. 

According to another aspect of flte presait invention,, a method of bridging an 
axial gap betweeii cqqwsing pairs of wellbore casing within a wellbore is provided 
that includes suRwrting a tubular member in overl^ping relatimi to the opposing 
ends of the wellbore casings, plastically deforming and radially expanding flie 
25 tubular member, and plastically defomung and radially expanding the tubular 
member and flie opposing ends of flie wellbore casings. 

According to anodier aspect of flie present invention, a mefliod of forming a 
structure having desired straigfli diaracterislics is provided fliat includes providing a 
first tubular member, and plastically deforming and radially expanding additional 
JO toibular members onto the intraior surface of the first tubular membtr until flie 
desired strength characteristics are achieved. 
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According to another aspect of fee present inventioii, a method of forming a 
wellbore casing within a wellbore having desired strength characteristics is provided 
that includes plastically deforming and radially expanding a first tubular member 
within the wellbore, and plastically deforming and radially expanding additional 
tubular members onto the interior surface of the first tubular meniber until the 
desired strength characteristics are achieved. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member, the first tubular member having an 
original outside diameter ODq and an original wall thickness to, is provided that 
includes plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter, plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically 
deforming and radially expanding the second tubular member to a third outside 
diameter, and plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are 
substantially equal, and the ratio of the original outside diameter ODq of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing is provided that includes positioning a first tubidat 
. member within a wellbore, the first tubular member having an original outside 
diameter ODq and an original wall thickness to, plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
plastically deforming and radiaUy expanding another portion of the first tubular 
member to a second outside diameter, positioning the second tubular member inside 
the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially 
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expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after fee plastic defontiations and 
radial expansions are substantially equal, and the ratib of the original outside 
diameter ODo of the first tubular member to the original wall thickness tp of the first 
5 tubular member is p^eater than or equal to 16. 

According to another aspect of the present iivention. an apparatus is 
provided that includes a plastically defonned and radially expanded tubular member 

having a first portion having a first outskle diameter and a remainmg portion ha^^ 
a second outside diameter. The ratio of the original outside diameter OD„ of the first 
1 0 tubular member to the original wall thickness t, of the first tubular member is greater 
Aan or equal to 16. 

According to another aspect of the present invention, an apparatus is 
Fovided that includes a plastically deformed and radially expanded first tubular 
member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubular member coupled t6 the firstportion of flie first tubular 
member. The ratio of the original outside diameter ODo of the first tubular member 
to the original wall thickness t„ of tiie first tubular member is greater thai, or equal to 
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According to another aspect of the present invention; a wellbore casing 
fomied in a wellbore is provided that includes a plasticaUy defomied and radially 
expanded first tubular member having a first portion havqig a first outside diameter 
and a remaining portion having a second outside diameter, and a plastically 
defomied and radially expanded second tubular member coupled to the first portion 
of the first tubular member. The ratio of the original outside diameter ODo of the 
first tubular member to the original wall thickness t, of the fim tubular member is 
greato- than or equal to 16. 

Accordiiig to another aspect of the present invention, an apparatus is 
provided that indudes a plastically deformed and radially expanded tJibular member. 
The ratio of the original outside diameter ODo of the tubular member to the original 
wall thickness to of the tubular member is greater than or equal to 1 6. 
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Brief Description of flie Drawings 
Fig. la is a ctoss sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of 
an apparatus for radiaUy expanding a tubular member into the wellbore of Fig, la. 

Fig. Ic is a aross-sectional illustration of the injection of fluidic materials 
through the apparatus of Fig. lb. 

Fig. Id is a cross-sectional illustration of the injection of hardenabk fluidic 
sealing materials through the apparatus of Fig. 1 c. 

Fig. le is a cross-sectional illustration of the pressurization of flie region 
below the expansion cone of the apparatus of Fig. Id. 

Fig. If is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 1 e. 

Fig. Ig is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. If following the removal 
of the over-expansion sleeve. 

Fig. Ihis a cross-sectional illustration of the completion of the radial 
expansion of the expandable tubular member of the apparatus of Fig. Ig. 

Fig. li is a cross-sectional illustration of the drilling out of a new section of 
the wellbore below the apparatus of Fig. Ih. 

Fig. Ij is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. 1 i. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of 
the other expandable tubular member of the apparatus of Fig, 11. 

Fig. 11 is a cross-sectional illustration of the completion of the secondary 
radial expansion of the other expandable tubular member of Fig. Ik to form a mono- 
diameter wellbore casing. 

Fig. 2a is ao-oss sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b is a cross-sectional illustration of the placement of an embodiment of 
an apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 
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Fig. 2c is a cross-sectional illustration of the injection of fluidic inaterials 
through the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing mat^als through the apparatus of Fig. 2c. 
5 Fig. 2e is a cross-sectional illustration of the pressurization of the region 

foelow the expansion cone of the s^paraliis of Fig. 2d 

Fig. 2f is a cross-sectional illustration of the continued pressurization of flie 
region below the expansion cone of the jqjparatus of Fig. 2e. 

Fig. 2g is a cross-sectional illustration of Ae completion of the radial 
1 0 expansion of flie expandable tubular membtt" of the apparatus of Fig. 2f. 

Fig. 2h is a cross-section^ illustration of the drillihg out of a new section of 
the wellbbre below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of the radial expansion of anoth^ 
expandable tubular member that overlaps with the apparatus of Fig. 2h, 
1 5 Fig. 2j is a c^oss-sectibnal illustration of the secondary radial expansion of 

the other expandable tubular memb^ of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the contpletion of flie secondary 
radial expansion of the other expandable tubular mernber of Fig. 2j to form a mono- 
diamet^ wellbore casing. 
20. Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating 

the design and construction of the over-expansion insert 

Fig. 3a is a cross-Sfectional illustration of an alternative embodiment of the 
over-expansion insert of Fig. 3. 

Fig. 4 is a cross-sectional illustration of an altmiative embodiment of flie 
25 apparatus of Fig. 2b including a resilient hook for retrieving flie over-expansion 
insert 

Fig. 5a is a cross-sectional illustration of a welllxMre including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional illustration of the formation of a new section of 
30 weUbore casing in the wellbore of Fig. 5a. 
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Fig. 5c is a fragmentary cross-secdonal illustration of the placement of an 
inflatable bladder into the new section of the weUbore casing of Fig. 5b. 

Fig. 5d is a fragmentary CTOss-sectional illustration of the inflation of the 
inflatable bladder of Fig. 5c. 

Fig. 5e is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 5d after over-expansion. 

Fig. 5f is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the formation of a morio-diameter 
wellbore casing that includes the new section of the wellbore casing and an 
additional section of wellbore casing. 

Fig. 6a is a cross-sectional Olustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 6b is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the wellbore of Fig. 6a. 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a 
roller radial expansion device into the new section of the wellbore casing of Fig. 6b. 

Fig, 6d is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 6c after over-expansioa 

Fig. 6e is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 6d after drilling out a new section of the wellbore. 

Fig. 6f is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an 
additional section of wellbore casing. 

Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 7b is a cross-sectional illustration of the placement of an embodiment of 
an apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 

Fig. 7c is a cross- sectional illustration of the injection of fluidic materials 
through the apparatus of Fig. 7b. 
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Fig. 7d is a cross-sectional iUustration of the injection of hardenablc fhiidic 
sealing materials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional illuslratiMi of thepressurizatira of the i^on 
below the expansion cone of die apparatus of Fig. 7<L 

Fig. 7f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of tfae^aiatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of flie completion of tfie radial 
expansion of the expandable tubular member of the apparatus of Fig. 7f. 

Fig. 7h is a cross-sectional illustration of the drifling out of a new section of 
the wellbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional illustration of the completion of the radial 
expansion of another expandable tubular member to foim a mono-diameter wellbore 
casing. 

Fig. 8a is cross-sectional illustration of an weUbore including a preexisting 
section of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of the injection of fluidifc materials 
through die apparatus of Fig. 8b. 

Fig. 8d is a cross-sectional illustration of the injection of a haidenable flddic 
sealing material through the sq^paratus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 

Fig. 8f is a cross-sectional Ulustration of the plastic defonnation and radial 
expansion of the upper portion of the expandable tubular membjsr of the apparatus of 
Fig. 8e. 

Fig. 8g is a cross-sectional illustration of the removal of the upper expansion 
. cone from flie wellborn of fig. 8f. 

Fig. 8h is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
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deform and radially expand the expansion cone launcher and expandable tubular 
member. 

Fig. 8i is a cross-sectional illustration of the completion of the initial radial 
expansion process of the 2q}paratus of Fig. 8h. 

Fig. 8j is a cross-sectiond illustration of the fiirthcar radial expansion of the 
apparatus of Fig. Si in order to forma nK>no-diameter wellbore casing. 

Fig. 9a is a CTOSs-sectional illustration of a wellbore including upper and 
lower preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a CToss-sectional illustration of the coi^ling of a tubular member to 
the opposing ends of the wellbore casings of Fig. 9a. 

Fig, 9c is a fragmentary cross-sectional illustration of the placement of a 
radial expansion device into the tubular member of Fig, 9b. 

Fig. 9d is a. fragmentary cross-sectional illustration of the actuation of the 
radial expansion device of Fig. 9c. 

Fig. 9e is a cross-sectional of a mono-diameter weDbore casing generated by 
the actuation of the radial expansion device of Fig. 9d 

Fig. 10 is a cross-sectional illustration of a mono-diameter wellbore casing 
that includes a plurality of layers of radially expanded tubular members aloiig at 
least a portion of the its length. 

Fig. II a is a cross-sectional illustration of a wellbore including a casing 
formed by plastically defonning and radially expanding a first tubular member. 

Fig. 1 lb is a CToss-sectipnal illustration of a wellbore including another 
casing coupled to the preexisting casing by plastically deforming and radially 
expanding a second tubular member. 

Fig. 1 Ic is a cross-sectional illustration of a mono-diameter wellbore casing 
formed by radially expanding the second tubular member a second time. 

Detailed Description 
Several embodimrats of methods and apparatus for forming a mono-diameter 
wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for fonn or repair mono-diameter wellbore casings, 
pipeUncs, or strucniral supports. Furthermore, while the present illustrative 
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embodiments are described with reference to the formation of mono-diameter 
wellbore casings, the teachings of be present disclosure have general application to 
the formation or repair of wellbore casings, pipelines, and structural supports. 

Referring initially to Fig. la, a wellbore 10 includes a preexisting wellbore 
5 casing 15. The wellbore 10 may be oriented in any orientation from die vertical to 
the horizontal The preexisting wellbOTe casing 1 5 may be coupled to the upper 
portion of the wellbore 10 using any number of conventional methods. In a 
preferred embodiment, &e wellbore casing IS is coupled to the upper portion of the 
wellbore 1 0 using one or more of the methods and apparatus disclosed in one or 

10 more of the following: (1) U.S. patent application sttial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1 999^ (2) U.S. patent ^plication serial no. 
09/510,913, attomey docket no. 25791.7:02, filed on 2/23/2000, (3) US. patent 
application serial no. 09/502,350, attomey docket no. 25791.8.02, filed on 
2/10/2000, (4) y.S. patent application serial no. 09/440,338, attwney docket no. 

15 25791.9.02. filed on 11/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attomey docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent qjplication 
serial no. 09/512,895, attomey docket no. 25791 .12,02, filed on 2^4/2000, (7) U.S. 
patent application serial no. 09/511,941, attomey docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attomey docket no. 

20 25791.17.02, filed on 6/7/2000, (9) US. patent application serial no. 09/559,122, 
attorney docket no. 25791 23.02, filed on 4/26/2000, (10) PCT patent application 
serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, 
(1 1) US. provisional patent application serial no. 60/162,671, attomey docket no. 
25791.27, filed on 1 1/1/1999, (12) US. provisional patent application serial no. 

25 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) US. provisional 
patent application serial no. 60/159,082, attomey docket no. 25791.34. filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attomey 
. docket no. 25791 .36, filed on 10/12/1999, (15) U.S. provisional patent application 
serial no. 60/159,033, attomey docket no. 2579i.37, filed on 10/12/1999, (16) US. 

30 provisional patent ^plication serial no. , attomey docket no. 

25791 .38, filed on 6/19/2000, (17) US. provisional patent application serial no. 
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60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. 

provisional patent plication serial no. attorney docket no. 

25791.45. filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

^ . attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. . attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which arc incorporated herein by 

refwence. More generally, the preexisting wellbore casing 1 5 may be coq)Ied to 

another preexistmg wellbore casing and/or may include one or more concaitrically 

positioned tubular members. 

Referring to Fig. lb, an apparatus 100. for radially expanding a tubular 

member may then be positioned within the wellbore 1 0. The apparatus 1 00 includes 
a tubular support member 105 defining a passage 1 10 for conveying fluidic 
materials. An expansion cone 1 15 defining a passage 120 and having an outer, 
conical sUr^e 125 for radially expanding tubular members is coupled to an end of 
the tubular siqjport member 105. An annular conical over-oqwnsiwi sleeve 130 . 
mates with and is removably coupled to the outer conical surfece 125 of the 
expansion cone 1 15. In several altemative^mbodiments, the over-expansion sleeve 
130 is fabricated from frangible materials such as, for exan5>le, ceramic materials, in 
order to facilitate the removal of the over-ejqjansioo sleeve during operation of the 
appanbis 100. In this mannw, the amount of radial expansion provided by the 
apparatus may be decreased foDowiiig the removal of the over-expansion sleeve 
130. 

An expansion crae laundier 135 is movably coupled to and supported by the 
expansion cone 1 15 and the ovw-expansion sleeve 130. Tbe expansion cone 
lauflchra- 1 35 include an upper portion having an upper outer diameter, an 
intemiediate portion that males with the expansion cone 1 15 and the over-expansion 
sleeve 130, an a lower portion having a lower outer diameter. The lower outer 
diametCT is greater than the upper outer diameter. A shoe 140 defining a valveable 
passage 145 is coupled to the lower portion of the expansion cone launcher 1 35. In 
a prefen-ed embodiment, the valveable passage 145 may be controllably closed in 
order to fluidicly isolate a region 150 below the expansion cone 1 1 5 and bounded by 
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the lower portion of the expansion cone launcher 135 and the shoe 140 from the 
region outside of the apparatus 1 00. 

An expandable tubular member 1 55 is coupled to the upper portion of the 
ejqpansion cone launcher 1 35. One or more seeing members 160a and 1 60b are 
5 coupled to the exterior of the upper portion of the expandable tubular member 155. 
In several alternative embodiments, the sealing members 160a and 160b may 
include elastpmeric elements and/or metallic elements and/or composite elements. 
In several alternative embodiments, one or more anchoring elements may substituted 
for, or used in addition to, the sealing members 1 60a and 1 60b, 
10 In a preferred embodiment, the support member 105, the expansion cone 1 1 5, 

the e3q)ansion cone launcher 135, the shoe 140, and the expandable tubular member 
155 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
12/3/1999, (2) U.S. patent ^plication serial no. 09/510,913, attorney docket no. 
15 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502^50, 
attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S: patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02. filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attoniey docket no. 
20 25791,12.02, filed on 2/24/2000, (7) U.S. patent plication serial no. 09/51 1,941, 
attorney docket no. 25791.16.02. filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no. 2579L17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/20(X), (1 0) PCX patent applicaticm serial no. PCT/USOO/1 8635, attorney docket 
25 no. 25791 .25.02, filed on 7/9/2000. (1 1) U.S. provisional patent application serial 
no. 60/162,671, attom^ docket no. 25791.27, filed on 11/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attomey docket no. 25791.29, 
. . filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
attomey docket no. 25791.34, filed on 10/12/1999. (14) U.S. provisional patent 
30 application serial no. 60/159,039, attorney docket no. 25791.36. filed on 10/12/1999, 
(15) U.S. provisional patent ajqilication serial no. 60/159.033, attomey docket no. 



2579137, filed on 10/12/1999, (16) U.S. provisional patent application^^ 

. ■ , attorney docket no. 2579138, filed on 6/19/2000, (17) U.S. 

provisional patent application soial no. 60/165,228, attomey docket no. 2579139, 
filed on 1 1/12/1999, (18) U.S. provisional patent plication serial no. 

, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent plication serial no. , attomey docket no. 

25791:46, filed on 7/28/2000, and (20) U.S. provisional patent q)plication serial no. 

, attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

of wluch are incoipcniated herein by reference. 

As illustrated in Fig. lb, in a preferred embodiment, during placemoit of flie 
apparatus 100 within the wellbore 10, fluidic materials 165 within the wellbore 10 
are conveyed throtigji the apparatus 100 through the passages 110, 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement 
of the apparatus 100 within the wellbore 10 are reduced In a preferred embodiment, 
the apparatus 100 is initially positioned within the wellbore 1 0 such &at the top- 
portion of the tubular mmb^ 155 overl^^s with the preexisting casing 15. In this 
manner, the upper portion of the expandable tubular member 1 55 may be radially ' 
expanded into contact with and coupled to the p-eexisting casing 1 5. As will be 
recognized by persons having ordinary skill in the art, the precise initial position of 
the expandable tubular meniber 155 will vary as a function of the amount of radial 
expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the e?^andable tubular member. 

As illustrated in Fig, Ic, a fluidic material 170 may then be injected throu^ 
the apparatus. 100 through the passages 1 1 0, 1 20, and 1 45 in order to test the proper 
operation of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 175 may then 
be inject^ through the apparatus 100 through the passages 110, 120 and 145 into 
the annulus between the apparatus and the wellbore 1 0. la this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be formed around the 
radially expanded expansion cone launcher 135 and expandable tubular member 
155. The hardenable fluidic sealing material may include, for example, a cement 



21 



mixture. In several alternative embodiments, the injection of tbe hard^ble fluidic 
sealing material 175 may be omitted In several alternative embodiments, the 

hardenable fluidic sealingmaterial 175 is fcompressible. before, during and/pr after, 
the curing process. 

As illustrated in Fig. le, a non-hardenable fluidic material 180 may then be 
injected into the apparatus through the passages 1 10 and 120. A ball plug 185, or 
other similar device, may then be injected with the fluidic material 180 to thereby 
seal ofiF the passage 145. h this manner, the region 150 may be pressurized by the 
continued injection of the fluidic material 180 into the apparatus 100. 

As illustrated in Fig. If, the continued injection of the fluidic material 180 
into the apparatus 100 causes the expansion cone launcher 135 and expandable 
tubular member 155 to be plastically deformed and radially expanded off of the 
over-expansion sleeve 13a In this manner, the expansion cone 115 and over-, 
expansion sleeve 130 are displaced relative to the expansion cone launcher 135 and 
expandable tubular member 1 55 in the axial direction. 

After a predetermined time period and/or after a predetaroined axial 
displacement of the expansion cone 1 15 relative to the expansion cone launcher 135 
and expandable tubular member 155, the over-expansion sleeve 130 may be 
removed from the outer conical surface 125 of the expansion cone 115 by the 
application of a predetermined iq>ward shock load to the support member 105. In a 
preferred embodiment, the shock load causes the frangible over-expansion sleeve 
130 to fracture into small pieces that are then forced off of the ouIct conical surfece 
125 of the expansion cone 1 15 by the continued pressurization of <he rt&on 150. In 
a prefeired embodiment, the pieces of the over-expansion sleeve 130 are pulverized 
into grains of matCTial by the continued pressurization of the region 150. 

Referring to Fig. Ig, following the removal of the frangible over-expansion 
sleeve 130, the continued pressurization of the region 150 causes the expandable 
tubular member i55 to be plastically deformed and radially expanded and extruded 
off of the outer conical surface 125 of the expansion cone 115. Note that the amount 
of radial expansion provided by the outer conical surface 125 of expansion cone 1 15 
is less than, the amount of radial expansion provided by the corribination of the over- 
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expansion sleeve 130 and the expansion cone 115. In this manner, as illustrated iii 
Fig. Ih, a recess 185 is formed in the radially expanded tubular member 155. 

After completing the plastic defmnation and radial expansion of the tubular 
member 1 55, the hardenable fluidic sealing material is allowed to cure to thereby 
foan an annular body 190 that provides a barrier to fluid flow into or out of the 
wellborc 10. 

Referring to Fig. li, the shoe 140 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular 
member 155. ' 

Referring to Fig. Ij, a tubular member 200 may then be plastically deformed 
and radially expanded using any number of conventional methods of radially 
expanding a tubular member. In a preferred embodiment, the upp^ portion of the 
radially expanded tubular member 200 overlaps with and mates with the recessed 
portion 1 85 of the tubular member 155. In a preferred embodiment, one or more 
sealing members 205 are coupled to the exterior surface of the upper portion of the 
tubular member 200. In a preferred embodiment, the sealing members 205 seal the 
interface between Ae vpper portion of the tubular member 200 and the recessed 
portion 185 of the tubular member 155. In several alternative embodiments, the 
sealing members 205 may include elastomeric elements and/or metallic elements 
and/or composite elements. In several alternative embodiments, one or more 
anchoring elements may substituted for, or iiscd in addition to, the sealmg members 
205. In a preferred embodiment, an annular body 210 of a hardenable fluidic sealing 
material is also formed around the tubular member 200 using one or more 
conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically deformed 
and radially expanded, and the atmular body 210 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial 
no. 09/454,139, attorney docket no. 25791 .03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
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2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, 

attorney docket no. 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent application 

serial no. 09/523^460, attorney docket no. 25791 .1 1.02, filed on 3/10/2000, (6) U.S. 
5 patent application saial no. 09/512,895, attorney docket no. 25791 .12.02, filed on 

2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney docket no. 

25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, 

attorney docket no. 25791 .1 7.02. filed on 6/7/2000^ (9) U.S! patent application serial 

no. 09/559,122, attorney docket no. 25791 .23,02, filed on 4/26/2000, (10) PCT • 
1 0 patent application serial oo. PCT/USOO/1 8635, attorney docket no. 2579 1 .25.02-, 

filed on 7/9/2000, (1 J) U.S. provisional patent application serid no. 60/162,671, 

attorney, docket no. 2i5791.27, filed on 1 1/1/1 999, (12) U.S. provisional patent 

plication serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, 

(1 3) U.S. provisional patent application serial no. 60/1 59,082, attorney docket no. 
1 5 2579 1 .34, filed on 10/1 2/1 999, <1 4) U.S. provisional patent ^plication serial no. 

60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 

provisional patent application serial no. 60/159,033, attorney docket no. 25791.37, 

filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.3«, filed on 6/19/2000, (17) U.S- 

20 int>visional patrat application serial no. 60/165,228, attorney docket no. 25791 .39, 

filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent Explication serial no. , attorney docket no. 

2579 1 .46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 
25 • , attorney docket no, 25791.47, filed on 9/1 8/2000, the disclosures 

of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 210 may be omitted. In 

several alternative embodinoents, the annular body 2 1 0 may be radially compressed 

before, during and/or after curing. 
30 Referring to Fig. Ik, an expansion cone 215 may then be driven in a 

downward direction by fluid pressure and/or by a support member 220 to plastically 
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deform and radially expand the tubular member 200 such that the interior diameter 
of the tubular members 155 and 200 are substantially equal. In this manner, as 
illustrated in Fig. 11, a mono-diameter wellbore casing may be formed hi a 
preferred embodiment, during the displacement of the expansion cone 215 in the 
downward direction, fluidic materials displaced by the expansion cone are conveyed 
out of the wellbore by an internal passage 220a defined within the siqjpwt member 
220. 

Referring to Figs. 2a and 2b, in an altemative embodiment, an apparatus 300 
for radially expanding a tubular member may then be positioned within the wellbore 
10. The apparatus 300 includes a tu1>ular support member 305 definmg a passage 
' 310 for coriveying fluidic materials. An expansion cone 315 defining a passage 320 
and having an outer conical surface 325 for radially expanding tubular members is 
coupled to an end of the tubular si^port member 305. An aimular conical over- 
expansion insert 330 mates with and is removably coupled to the outer conical 
surface 325 of the expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supp(»ted by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone 
launcher 335 includes, an upper portion having an iq>per outer diameter, an 
mtermediate portion that mates with the expansion cone 315 and the over-expansion 
insert 330, an a lower pwtion haying a lower outer diameter. The lower outer 
diametCT is greater than die upper outer diamet^. A shoe 340 defining a valveable 
passage 345 is coupled to the lower portion of the expansion cone launcher 335. In 
a prefOTcd embodiment, the valveable passage 345 may be controllably closed in 
order to fluidicly isolate a region 350 below the expansion cone 3 15 and bounded by 
the lower portion of the e?^>ansion cone launcher 335 and the shoe 340 fi^om the 
region outside of the apparatus 300. 

In a prefOTed embodiment, as illustrated in Fig. 3, the over-expansion insot 
330 includes a plurality of spaced-apart arcuate inserts 330a, 330b^ 330c and 33€)d 
that are positioned between the outer coiucal surface 325 of the expansion cone 3 1 5 
and the inner surface of the intermediate portion of the expansion cone launcher 335. 
In this maimer, the relative axial displacement of the expansion cone 315 and the 
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expansion cone launcher 335 will cause tbe expansion cone to ovo--expand the 
intermediate portion of the expansion cone launcher. In this manner, a recess may 
be formed in the radially expanded expansion cone launcher 335. In several 
alternative embodiments, the inserts 330a, 330b, 330c, and 330d fall out of the 
recess and/or are removed from the recess using a conventional retrieval tool upon 
tiie con^Ietion of the radial expansion process. 

In an alten^tive embodim^t, as illustrated in Fig. 3a, the over expansion 
insert330 ftirther includes intermediate resilient niembers 331a, 331b, 331c, and 
33 1 d for resiliently coupling the inserts 330a, 330b, 330c, and 330A In this manner, 
upon the con^letion of flie radial expansion process, the resilient force exiled by 
fte resilient members 33 1 causes the over-expansion insert to collapse in the radial 
direction and thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. 
In several alternative embodiments, the sealing members 360a and 360b may 
include elastomeric elements and/or n^tallic elements and/or con:q>osite elements. 
In several alternative embodiments, one or more anchoring elements, may substituted 
for, or used in addition to, fiie sealing members 360a and 360b. 

In a preferred embodiment, the siqiport member 305, the expansion cone 315, 
the expansion cone launcher 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent aiq)lication serial no. 09/454,139, attoraey docket no. 25791.03.02, filed on . 
.12/3/1999, (2) U.S. patent application soial no. 09/510,913, attorney docket no. 
25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350. 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent ^plication serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523.460, attorney docket no. 2579 1 . 1 1 ,02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney dodcet no. 
25791.12.02, filed on 2/24/2000. (7) U.S. patent application serial no. 09/51 1,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
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serial na 09/588,946, attorney docket no. .25791 .17.02. filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559.122, attorney docket no. 25791 .23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCr/USOO/18635, attorney docket 
no. 25791 .25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
5 no. 60/162,671, attomqr docket no. 25791 .27, filed on 1 1/1/1999, (12) U.S. 

provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patOTt application serial no. 60/159,082, 
attorney docket no. 25791.34. filed on 10/12/1999^ (14) U.S. provisional patent 
application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
ID (15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
25791.37, filed on 10/12/1999, (16) U.S. provisional pat«it application serial no, • 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791,39, 
filed on 1 1/12/1999, (18) US. provisional patent application serial no. 

15 , attorney docketno. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attorney docket no. 

25791 .46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. - 

^ attorney tjocket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are mcorporated herein by reference. 
20 As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 

apparatus 300 within the wellbore 10, fluidic materials 365 within the wellbore 10 
are conveyed tfirough the apparatus 300 through the passages 310, 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, 
25 tfie apparatus 300 is initially positioned within the wellbore 1 0 such" that the top 
portion of the tubular member 355 overlaps with the preexisting casing 15. In this 
manner, the upper portion of die expandable tubular member 355 may be radially 
expanded into contact with and coupled to the preexisting casing 1 5. As wiD be 
recognized by parsons having ordinary skill in the art, the precise initial position of 
30 the expandable tubular member 355 will vary as a fiinction of the amount of radial 



27 



expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular member 

As illustrated in Fig. 2c, a fluidic material 370 may then be injected through 
the apparatus 300 through the passages 310, 320, and 345 in order to test the proper 
5 operation of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealmg material 375. may then 
be injected through the apparatus 300 through flie passages 3 1 0, 320 aiid 345 into 
the annulus betwei^ the apparatus and the wellbore 1 0. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be formed around fte 
1 0 radially e>q>anded expansion cone launch^ 335 and expandable tubular member 
355. The hardenable fluidic sealing material may include, for exanq>le, a cement 
mixture. In several altanatiye emibodiments, the injection of the hardenable fluidic 
sealing material 375 may be omitted: In several alternative embodiments, &e 
hardenable fluidic sealing material 375 is compressible, before, during and/or after, 
15 the curing process. 

As illustrated in Fig. 2e, a non-hardenable fluidic material 380 may then be ' 
injected into the apparatus through the passages 310 and 320. A ball plug 385, or 
oflier similar device, may then be injected with the fluidic material 380 to thereby 
seal off the passage 345. In this manner, the region 350 may be pressurized by the 
20 continued injection of the fluidic material 380 into the ^paratus 300. 

As illustrated in Fig. 2f, die continued injection of the fluidic material 380 
into the apparatus 300 causes the expansion cone launch^ 335 to be plastically 
deformed and radially expanded off of the over-expansion insert 330. In this 
manner, the expansion cone 3 1 5 is displaced relative to the expansion cone launcher 
25 335 and expandable tubular member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
insert 330, the radial expansion of the expansion cone launcho: 335 and expandable 
. . tubular member 355 is provided solely by the outer cmiical surface 325 of the 

expansion cone 315. Note fliat the amount of radial expansion provided by the out^ 
30 conical surface 325 of expansion cone 315 is less than the amoimt of radial 

expansion provided by the combination of the over-expansion insert 330 and the 
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expansion cone 315. Intbis niannCT, as illustrated in Fig. 2g, a recess 390 ts formed 
in the radially expanded tubular memb^ 355. 

In several alternative embodiments, the ov^-expansion insert 330 is removed* 
from the recess 390 by falling out and/or removal using a conventional retrieval tool. 
5 In an alternative embodimenit, the resilient force provided by the resilient members 
331a, 331b» 331c, and 33 Id cause the insert 330 to collapse in the radial direction 
and thereby fall out of the recess 390. In an altemative embodiment, as illustrated in 
Fig. 4, one or more resilient hooks 395a and 395b are coupled to the bottom of the 
expansion cone 3 1 5 for retrieving the over-expansion insert 330 during or after the 
10 con5)letion of the radial expansion process. 

After coixgjleting the plastic deformation and radi^ e?tpansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to thereby 
form an aimular body .400 that provides a barrier to fluid flow into or out of the 
wellbore 10. 

15 Referring to Fig. 2h, the shoe 340 may then removed by drilling out the shoe * 

using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular 
member 355. 

20 Referring to Fig. 2i, a tubular member 405 may then be plastically deformed 

and radially expanded using any nimiber of convraitional methods of radially 
expanding a tubular member. In a preferred embodiment, the upper portion of the 
radially expanded tubular member 405 overlaps with and mates with the recessed 
portion 390 of the tubular member 355. In a preferred embodiment, one or more 

25 sealing members 4 1 0 are coupled to the exterior surface of the upjjer portion of the 
tubular member 405. In a preferred embodiment, the sealing members 410 seal the 
interface between the upper portion of the tubular member 405 and the recessed 
portiOT 390 of the tubular member 355. In several altemative embodiments, the 
sealing members 4 1 0 may include elastomeric elements and/or metallic elements 

30 and/or composite elements. In several altemative embodiments, one or more 

anchoring elements may substituted for, or used in addition to, the sealing members 
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410. In a preferred embodiment, an annular body 415 of a hardenable fluidic sealing 
material is also formed aroimd the tubular member 405 using one or more 
conventional methods. 

In a preferred embodiment, the tubular member 405 is plastically deformed 
5 and radially expanded, and the annular body 41 5 is formed using one or more of the 
apparatus and n^fhods disclosed in the following: (I) U.S. patent application serial 
no. 09/454.139, attorney docket no. 25791 .03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no: 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 

10 25791 .8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440^38, 
' attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application 
serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) US. 
patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 
2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney docket no. 

15 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, 
attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122, attorney docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, 
filed on 7/9/2000, (1 1) U.S. provisional patent application serial no. 60/162,671, 

20 attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent 

application serial no. 60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, 
(13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 
25791 .34, filed on 10/12/1999, (14) U.S. provisional patent plication serial no. 
60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 

25 provisibnal patent application serial no. 60/1 59,033, attorney docket no. 2579 1 .37, 
filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

. provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

30 " attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attorney docket no. 
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25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .47, filed on 9/1 8/2000, the disclosures 

of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 415 may be omitted. In 
several alternative embodiments, the annular body 415 may be radially compressed 
before, during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a 
downward direction by fluid pressure and/or by a support member 425 to plastically 
deform and radially expand the tubular member 405 such that the interior diameter 
of the tubular members 355 and 405 are substantially equal. In this manner, as 
illustrated in Fig. 2k, a mono-diametei- wellbore casing may be formed. In a 
prefonred embodiment, during the displacement of the expansion cone 420 in the 
downward direction, fluidic materials displaced by the expansion cone are conveyed 
out of the wellbore by an internal passage 425a defined within the suppdrt member 
•425. 

Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 510 may also 
be formed around the tubular member 500 using any number of conventional 
methods. In a preferred embodiment, the tubular member 500 is plastically 
deformed and radially expanded and the annular body 5 10 is formed using one or 
more of the methods and apparatus disclosed in one or more of the following: (1) 
U.S. patent apphcation serial no. 09/454,139, attorney docket no. 25791.03.02, filed 
on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no, 09/440338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attomey docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, 

31 



attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no, 25791 .17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791 .23.02, filed on' • 
4/26/2000, (10) PCX patent application serial no. PCT/US00718635, attorney docket 
no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application send 
no, 60/162,671 , attorney docket no. 25791 .27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791^9, 
filed OT 9/16/1999, (13) U.S. provisional patent aj^Iication serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 
application saial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent aqpplication serial no. 60/159,033, attorney docket nd. 
25791.37, filed on 10/12/1999, (16) U.S. provisional pat«it appHcation serial no. 

^ • attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 1 1/1 2/1 999, (1 8) U.S. provisional patrat application serial no. 

• attorney docket no. 25791 .45, filed on 7/28/2000. (19) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

attorney dodcet no. 2579 1 .47, filed on 9/1 8/2000, the disclosures 

of which are incozporated herein by reference. 

In several altmiative embodiments, the annular body 510 may be omitted or 
may be conq>ressible before, during, or after curing. 

Referring to Figs. 5c and 5d, a conventional inflatable bladder 515 may then 
be positioned witiun the tubular member 500 and inflated to a sufficient operating 
pressure to plasfically defonn and radially expand a portion of the tubular member- 
to thereby form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder 515 may then be removed 
and the shoe 505 drilled put using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular member 525 may then be 
plastically defonned and radially expanded in a conventional manner and/or by 
using one or more of the methods and apparatus described above in order to form a 
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mono-diameter wellbore casing! Before, during or aii^ the radial expansion of the 
tubular member 525,. an annular body 530 of a fluidic sealing material may be 
fonned around the tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above. 
5 In several alternative embodiments, the inflatable bladder 515 may be • 

coupled to the bottom of an e)cpansi6n cone in order to permit the over-expansi<m 
process to be performed during tfie radial expansion process implemented using the 
expansion cone. 

Referring to Figs 6a-6l>, in an alternative embodiment, a tubular member 600 

10 having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 1 5 using any number of 
conventional methods. An annular body of a fluidic sealing material 610 may also 
be formed around the tubular member 600 using any number of conventional . 
methods. In a preferred embodiment, the tubular member 600 is plastically 

1 5 deformed and radially expanded and flie annular body 61 0 is fonned using one or 
more of the methods and apparatus disclosed in one or more of the following: (1 ) 
U.S. patent application serial no. 09/454,139, attomey docket no. 25791.03.02; filed 
on 12/3/1999, (2) U.S. patent application serial iio. 09/510,913, attomey docket no. 
. 25791.7.02, j&led on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 

20 attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attomey docket no. 25791 .9.02, filed on 1 1/15/1 999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 2579 1.11 .02, filed <m 
3/1 0/2000, (6) U.S. patent application serial no. 09/512,895, attomey docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent plication serial no. 09/51 1,941, 

25 attomey docket no. 2579 1 . 1 6.02, filed on 2/24/2000, (8) U.S; patent application 
serial no. 09/588,946, attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attomey docket no.- 25791.23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attomey docket 
no. 25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial 

30 no. 60/162,671, attomey docket no. 25791.27, filed on li/1/1999, (12) U.S. 

provisional patent application serial no. 60/154,047, attomey docket no. 25791.29, 
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filed on 9/1 6/1 999, (13) U.S. provisional patent application serial no. 60/1 59,082, ' 
attorney docket no. 25791 34, filed on 10/12/1999, (14) U.S/ provisional patent 
qjplication serial no. 60/159,039, attorney docket no! 2579136, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
5 2579137, filed on 10/12/1999, (16) U.S. provisional patmt application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000. (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 2579139, 
filed on 1 1/12/1 999> (1 S) U.S. provisional patent application serial no. 

, attorney docket no. 25791.45. filed on 7/28/2000, (19) U.S. 

10 provisional patent application serial no. ^ , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. - 

Li several alternative embodiments, the annular body 610 may be* omitted or 
15 ' rriay be contipressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 6 1 5 may 
dien be positioned within the tubular member 600 and operated in a convraitional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically deform and radially expand a portion of the tubular member to thWeby 
20 form a recess 620 in the tubular member. As will be recognized by persons having 
ordinary skill in the art, a roller e^qiansion device typically utilizes one or more 
, rollears that, througji rotation of the device, apply a radial force to the interior 
surfaces of a tubular member. In several alternative enabodiments, the roller 
expansion device 615 may include eccentric rollers such as, for exanq)le, as 
25 disclosed in U.S. Pat Nos. 5,01 4,779 and 5,083,608, the disclosures of which are 
incorporated herein by reference. 

Referring to Figs. 6d and 6e, the roller expansion device 615 may then be 
• removed and the shoe 605 drilled out using a conventional drilling device. 
Referring to Fig. 6f,- an additional tubular member 625 may then be 
30 plastically deformed and radially expanded in a conventional manner and/or by 
using one or more of the methods and apparatus described above in order to form a 
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mono-diameter wellbore casing. Before, during or after the radial expansion of the 
tubular member 625, an annular body 630 of a fluidic sealing materia] may be 
formed around the tubular member in a conventional manner and/or by using one or 
nK>re of the methods and apparatus described above. 

In several, alternative embodiments, the roller expansion device 615 may be 
coupled to the bottom of an expansion cone in ord^ to permit die over-expansion 
process to be performed during the radial expansion process inplemented using the 
expatision cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 maybe oriented in any orientation from the vertical to 
the horizontal. The preexisting wellbore casing 15 may be coupled to the upper 
portion of the wellbore 10 using any nimiber of conventional methods. In a 
preferred embodiment, the wellbore casing 1 5 is coupled to the upper portion of the 
wellbore 10 using one or more of the methods and apparatus disclosed in one or 
more of the following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no, 25791.03.02, filed on 12/3/1999, (2) U.S. paterit application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 
application serial no. 09/502,350, attorney docket no. 25791 .8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02, filed Cftk 1 1/15/1999, (5) U.S. patait application serial rio. 09/523,460, 
attorney docket no: 25791.11.02, filed on 3/10/2000, (6) U.S. patent ^plication 
serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attotney docket no. 25791.16.02, filed on. 
.2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
2579 1 . 1 7.02, filed on 6/7/2000, (9) U.S. patent apphcation serial no. 09/559, 1 22, 
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application 
serial no. PCT/USOO/18635, attorney docket no. 25791 ;25.02, filed on 7/9/2000, 
(11) U.S. provisional patent application serial no. 60/162,671 , attorney docket no.. 
25791.27, filed on l 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154.047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 
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10/12/1999. (14) U.S. provisional patent application serial no. 60/159,039, attorney 
. docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application 

serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. , attorney docket no. 

5 25791 .38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 

60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. . 

10 provisional patent application serial no. , attorney docket no. 

25791.47, filed on 9/1 8/2000, the disclosures of which are incorporated herein by 

reference. More generally, the preexisting wellbore casing 15 may be coiq)led to 

another jM-eexisting v/ellbore casing and/or may include one or more concentrically 

positioned tubular members. 
15 Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular 

member may then be positioned vsdthin Ae wellbore 10. The apparatus 700 includes 

a tubular support member 705 defining a passage 710 for conveying fluidic 

materials. An expansion cone 71 5 defining a passage 720 and having an outer 

conical, surface 725 for radially expanding tubular members is coupled to an end of 
20 the tubular support member 705. 

An expansion cone laundier 735 is movably coupled to and supp<»ted by tfie 

expansion cone 715. The expansion cone launcher 735 includes an upper portion 

735a having an upper outer diameter, an intermediate portion 735b that mates with 

the expansion cone 715, and a lower portion 735c having a lower outer diameter. 
25 The lower outer diameter is greater than the upper outer diameter. The expansion 

cone launcher 735 fiirther includes a recessed portion 735d having an outer diameter 

that is less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion 

oftfae expansion cone launcher 735. In a preferred embodiment, the'valveable 
30 passage 745 may be controUably closed in order to fluidicly isolate a region 750 

below the expansion cone 715 and bounded by the lower portion 735c of the 
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expan^on cone launcher 735 and the shoe 740 from the region outside of the 
apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of 
flie expansion cone laimdier 735. One or more sealing members 760a and 760b 

5 may be coupled to Ae exterior of the upper portion of the expandable tubular 
member 755. In several dternatiye embodiments, the sealing members 760a and 
760b may include elastomeric elements and/or metallic elements and/or con^site 
elements* In several alternative embodimrats, one or more anchoring elements may 
substituted for, or used in addition to, the sealing members 760a and 760b. 

10 In a prefOTed embodiment, the support member 705, the expansion cone 715, 

the expansion cone launcher 735, the shoe 740, and the expandable tubular mmbcr 
755 are provided substantiaUy as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791 .03.02, filed on 
12/3/1999, (2) U.S. patent ^plication serial no. 09/510,913, attorney docket no. 

15 25791 -7.02, ffled on 2/23/2000, (3) U.S. patent application serial no. 09/502^50, 
. attorney docket no. .25791,8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
application send no. 09/523,460, attorney docket no. 2579 1 . 11 .02, filed on 
3/10/2000, (6) U.S. patent ^plication serial no. 09/512,895, attorney docket no. 

20 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney dodcet no. 25791 .1 7.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCX patent application serial no. PCT/USOQ/18635, attorney docket 

25 no, 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
- no. 60/162,671, attorney docket no. 25791 ,27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/1 54,047, attorney docket no. 25791 .29, 
filed on 9/1 6/1 999, (13) U.S. provisional patent application serial no. 60/1 59,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 

30 application serial no. 60/159,039, attorney docket no. 25791 .36, filed on 10/12/1999, 
(15) U.S. provisional patent ^plication serial no. 60/159,033, attorney docket no. 



2579137, filed on 10/12/1999, (16) U.S. provisional patent applic^^^^ ' 

, .attornev docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no, 60/165,228, attorney docket no. 25791.39. 
filed on 1 1/12/1999. (18) U.S. provisional patent application serial no. 

> attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. . attorney dodcet no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

^ attOTney docket no. 25791 .47, filed on 9/18/2000, the disclosures 

of which arc incorporated herein by reference. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 1 0, fluidic materials 765 within the wellbore 1 0 
are conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 
location above the apparatus 700. In this manner, surge pressures during placemeat 
of the apparatus 700 within the wellbore 10 are reduced. In a prefiared embodiment, 
the ^paratus 700 is initially positioned within the wellbore 1 0 such that the top 
portion of the tubular member 755 overiaps with the preexisting casing 15. In this 
manner, the upper portion of Ae expandable tubular member 755 may be radially 
expanded into contact with and coupled to the preexisting casing 1 5. As will be 
recognized by persons havmg ordinary skill in the art. the precise initial position of 
the expandable tubular member 755 will vary as a fimction of tfie amount of ladial 
expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular meniber. 

As illustrated in Fig. 7c, a fluidic material 770 may then be injected through 
-the apparatus 700 through the passages 710, 720, and 745 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing matmal 775 may then 
be injected through the apparatus 700 through the passages 710, 720 and 745 into 
the annulus between the apparatus and the wellbore 10. In this manner, an annular 
bmier to fluid migration into and out of the wellbore 10 may be formed around the 
radially expanded expansion cone launcher 735 and expandable tubular member 
755. The hardenable fluidic sealing material may include, for example, a cement'' 
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mixture. In several alternative embodiments, the injectioii of the hardenable fluidic 
sealing material 775 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 775 is compressible, before, during and/or after, 
the curing process. 

5 As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may flien be 

injected into the apparatus throug^i the passages 710 and 720. A ball phig 785, or 
other similar device, may then be injected with the fluidic material 780 to thereby 
seal off flie passage 745. In this maimer, the region 750 may be pressurized by flie 
contiriued injection of the fluidic material 780 into the apparatus 700. 

10 As illustrated in Figs. 7f and 7g, the continued injection of the fluidic 

material 780 into the apparatus 700 causes the expansion cone launcher 735 and 
expandable tubular member 755 to be plastically deformed and radially expanded 
oflF of the expansion cone 715. The resulting structure includes a lip 790, 

After convicting the plastic deformation and radial expansion of the tubular 

1 5 member 755, die hardenable .fluidic sealing material is allowed to cure to thereby 
form an annular body 795 that provides a barrier to fluid flow into or out of the 
wellbore 10. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
20 drilled out in order to permit additional e:q>andable tiibular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubidar 
member 755. 

Referring to Fig. 7i, an additional tubular member 800 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 

25 using one or more of the methods and apparatus described above in order to form a 
mono-diameter wellbore casing. Before, during or after the radial expansion of the 
tubular member 800, an annular body 805 of a fluidic sealing material may be 
• formed around the tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above, hi a preferred embodiment, the 

30 lip 790 facilitates the coupling of the tubular member 800 to the tubular member 755 
by providing a region on which the tubular member 800 may be easily coupled onto. 



39 



Referring to Fig. 8a, in an alternative embodiment, a wellbore 10 includes a 
preexisting section of wellbore casing 1 5 and 900. The wellbore casing 900 
includes sealing members 905a and 905b and a recess 910. An annular body 915 of 
a fluidic sealing material may also be provided around the casing 900. The cas^g 
900 and annular body 915 may be provided using any number of conventionai 
methods, the methods described above» and/or using one or more of the methods 
disclosed in the following: (1) US. patent ^licaticm SCTial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2)^3/2000, (3) U.S. patent 
apphcation serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent qjplication serial no, W/440,338, attorney docket no. 
25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial.no. 09/523,460, 
attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application 
serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on - 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, 
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application 
serial no. PCT/USOO/18635, attorney docket no. 25791 .25.02, filed on 7/9/2000, 
(1 1) U.S. provisional patent plication serial no. 60/1 62,67 1 , attorney docket no. 
25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed m 9/16/1999, (13) U.S. provisional 
patent application swial no. 60/159,082, attorney docket no. 25791.34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application 
serial no. 60/159,033, attraicy docket no. 25791 J7, filed on 10/12/1999, (16) US- 
provisional patent application saial no. , attorney docket no. 

25791.38, filed on 6/19/2()00, (17) U.S. provisional patent application serial no.. 
60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
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, attorney docket no. 25791 .46, filed on iriWXm, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 

2579 1 .47, filed on 9/1 8/2000, tfie disclosures of which arc incorporated herein by 
reference. 

5 Referring to Fig. 8b, an apparatus 1 000 for radially expanding a tubular 

meihber is then positioned within the wellbore 10 that includes a tubular support 
member 1005 that defines a passage 1010 for conveying fluidic materials. A 
hydraulic locking device 1015 that defines a passage 1020 for conveying fluidic 
materials that is fluidicly coupled to the passage 1010. The locking device 1015 

1 0 fiirther includes inlet passages, 1 020a and 1 020b, actuating chambers, 1 025a and 
1025b, and locking members, 1030a and 1030b. During operation, the injection of 
fluidic materials into the actuating chambers, 1025a and 1025b, causes the locking 
members, 1030a and 1036b, to be displaced outwardly in the radial direction. In this 
manner, the locking device 1015 may be controllably coupled to a tubular member 

15 to thereby maintain the tubular member in a substantially stationary position. As 
will be recognized by persons having ordinary skill in the art, the operating 
pressures and physical shaf)e of the inlet jpassages 1020, actuating chamba-s 1025, 
and locking members 1030 will determine the maximum amount of holding force 
provided by the locking device 1015. In several alternative embodiments, fluidic 

20 materials may be injected into the locking device 101 5 using a dedicated fluid 
passage in order to provide precise control of the locking device. In several 
alternative embodiments, the locking device 1015 may be omitted and the tubular 
support member 1005 coupled directly to the tubular support member 1035. 

One end of a tubular support member 1035 that defines a passage 1040 is 

25 coupled to the locking device 1015. The passage 1040 is fluidicly coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1050 and includes an 
outer conical surface 1055 is coupled to another end of the tubular support member 
1035. An expansion cone launcher 1060 is movably coupled to and supported by 
the expansion cone 1045. The expansion cone launchei^ 1060 includes an upper 

30 portion 1060a having an upper outside diameter, an intermediate portion 1060b that 
mates with the expansion cone 1045, and a lower portion 1060c having a lower 
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outside diameter. The lower outside diameter is greater than the upper outside 
diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to Ae lower 
portion 1 060c of the expansion cone launcher 1 060. In this manner, a region 107S 
5 below the expansion cone 1045 and bounded by the expansion cone launcher 1 060 
and the shoe 1065 may be pressurized and fluidicly isolated from the annular region 
between the q)paratus 1000 and the wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 

1 0 sealing membere are coupled to the exterior of the upper portion of the expandable 
tubular member 1 080. In several alternative embodiments, die sealing meniA>ers 
may include elastomeric elements and/or metallic elements and/or composite 
elements. In several alternative embodiments, one or more anchoring elements may . 
substituted for, or used in addition to, the sealing members. 

15 An expansion cone 1085 defining a passage 1090 for receiving the tubular 

support member 1005 includes an out^ conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular siqq>ort member 
1005 is coupled to the bottom of the expansion cone 1 085 for supporting and 
actuating the expansion cone. 

20 In a preferred embodiment, the support members 1005 and 1035, the- 

expansion cone 1045, the expansion cone laundier 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclpsed in one or 
more of the following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 

25 09/5 10,913, attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent 
aj^lication serial no. 09/502,350, attorney docket no. 25791 .8.02, filed on 
2/1 0/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
•25791.9.02, filed on 11/15/1999, (5) U.S. patent applica.tion serial no. 09/523,460, 
attorney docket no. 2579 1 . 1 1 .02, filed on 3/1 0/2000, (6) U.S. patent application 

30 serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. 
patent application serial no. 09/51 1 ,941, attorney docket no. 25791.16.02, filed on 
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2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 

25791.17.02, ffled on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, 

attorney docket no. 25791.23.02, filed on 4/26/2000. (10) PCX patent application 

serial no. PCT/US00/186S5, attorney docket no, 25791.25.02, filed on 7/9/2000, 
5 (11) U.S. provisional patent qiplication serial no. 60/1 62,671 , attorney docket no. 

25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 

60/154.047, attorney dpdcet no. 2579129, filed on 9/16/1999, (13) U.S. provisional 

patent application serial no. 60/159,082:, attorney docket no. 25791.34, filed on 

10/12/1999, (14) U.S. provisi<mal patent applicaticm serial no. 60/159,039. attorney 
10 docket no. 25791.36, filed on 10/12/1999, (15) U.S. provision^al patent application 

serial no. 60/159,033, attorney docket no. 2579137, filed on 10/12/1999. (16) U.S. 

provisional patent application serial no. _, attorney docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 

60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 
1 5 • provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
- attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. ^ attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
20 reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
apparatus 1000 within the Wellbore 10, fluidicmaterials 11 10 within the wellbore 10 
are conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 

25 pi acement of the apparatus 1 000 within (he wellbore 1 0 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned within the wellbore 10 such 
that the top portion of the tubular member 1080 overlaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded into contact with and coupled to the recess 

30 910 of the preexisting casing 900. 
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As illustrated in Fig. 8c, a fluidic material 1115 may then be injected tlurough 
the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test 
the proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then 
5 be injected through the apparatus 1000 ftrough the passages 1010, 1020, 1040, and 
1070 intd the annulus between the apparatus and the wellbore 10. In this manner^ an 
annular barrier to fluid migration into and out of the wellbore 10 may be formed 
around die radially expanded expansion cone laimchCT 1060 and expandable tubular 
member 1080. The hardenable fluidic sealing material may include, for exan^le, a 
10 cement mixture. In several alternative embodiments, the injection of the hardenable 
fluidic sealing material 1 120 may be omitted. In several alternative embodiments, 
the hardenable fluidic sealing material 1 120 is compressible, before, during and/or 
after, the curing process. 

As illustrated in Fig, 8e, a non-hardenable fluidic material 1 125 may theii be 
15 injected into the apparatus lOOO through the passages 1010, 1020 and 1040. A ball ■ 
plug 1 1 30, or other similar device, may then be injected with the fluidic material 
1 125 to thereby seal off the passage 1070. In this manner, the region 1075 may be 
pressurized by the continued injection of the fluidic material 1 125 into the apparatus 
1000. Furthermore, in this manner, the actuating chambers, 1025a and 1025b, of the 
20 locking device 1015 may be pressurized. In this manner, the tubular member 1080 
may be held in a^ substantially stationary position by the locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 
downward direction by a direct application of axial fwce using the support member 
1 100 and/or through the application of fluid force. The axial displacement of the 
25 expansion cone 1 085 may plastically deform and radially expand the upper portion 
of the expandable tubular member 1080. In this manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 91 0 of the 
preexisting casing 900. 

During the downward actuation of the expansion cone 1085, the locking 
30 member 1015 preferably prevents axial displacement of the tubular member 1 080. 
In a preferred embodiment, the locking member 1015 is positioned proximate the 
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upper portion of the tubular member 1080 in order to prevent budding of the tubular 
member 1080 during the radial expansion of the upper portion of the tubular 
member. In an alternative embodiment, the locking member 1015 is omitted and the 
interference between the intermediate portion 1 060b of the expansion cone launcher 
5 1060 and the expansion cone 1045 prevmts the axial displacement of the tubular 
member 1 080 during the radial expansion of the upper portion of the tubular 
' member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be 
raised out of the wellbore 10. 

10 As illustratedin Fig. 8h, the continued injection of the fluidic material 1 125 

into the apparatus 1000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1080 to be plastically deformed and radially expanded 
ofiT of the expansion cone 1045. In this manner, the expansion cone 1045 is 
diq)laced relative to the ^pansion cone launcher 1 060 and e?^andable tubular 

15 member 1080 in the axial directicoi. In a prefmed embodiment, the axial forces . 
created during the radial expansion process are greater than the axial forces 
generated by the locking device 1015. As will be recognized by persons having 
ordinary skill in the art, the precise relationship between these axial forces will vary 
as a function of the operating characteristics of the locking device 1015 and the 

20 metallurgical properties of tiie expansion cone launcher 1060 and expandable 

tubular 1080. In an alternative enibbdinient, the operating pressures of the actuiiting 
chambers, 1 025a and 1 025b, and the region 1075 are separately controllable by 
providing separate and dedicated fluid passages for pressurizing each. 

As illustrated in Fig. 8i» after completing the plastic deformation and radial 

25 expansion of the tubular member 1 080, the hardenable fluidic sealing material is 
allowed to cure to thereby form an annular body 1 130 that provideis a barrio- to fluid 
flow into or out of the wellbore 10. The shoe 1065 may then removed by drilling 
out the shoe using a conventional drilling device. A new section of tiie wellbore 10 
may also be drilled out in order to permit additional expandable tubular members to 

30 be coupled to the bottom portion of the plastically deformed and radially expanded 
tubular member 1080. 
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In an alternative embodiment, the annular body 1 1 30 may be omitted. In 
several altemative embodiments, the annular body 1 130 may be radially con5}ressed 
before, during and/or after curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded 
again using one or more of the me&ods described above to provide an mono* 
diameter wellbore casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 
1205 and a lower preexisting casing 1210. The casings, 1205 and 1210, may fiirtho- 
include outer annular layers of fluidic sealing materials such as, for example, 
cement The ends of the casings, 1205 and 1210, are separated by a gap 1215. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the 
opposing ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1210, by plastically deforming and radially expanding the 
tubular member 1 220 using one or more of the methods and apparatus desaibed and 
referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned 
within the tubular member 1220. In a preferred embodiment, the length of the radial 
expansion device 1225 is greater than or equal to the axial length of the tubular 
member 1220. In several altemative embodiments, the radial e7q)ansion device 1225 
may be any number of conventional radial expansion devices sudi as, for example, 
expa?ision cones actuated by hydrauhc and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Refening to Figs. 9d and 9e, after actuatira and subsequent de-actuation and 
removal of the radial expansion device 1225, the inside diameters of the casings, 
1205 and 1210, are substantially equal to the inside diameter of the tubular member 
1220. In this manner, a mono-diameter wellbore casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an inner tubular member 1310. In apieferred embodiment, the tubular 
members, j 305 and 1 3 1 0, are plastically deformed and radially expanded using one 
or more of the methods and apparatus desaibed and referenced above. In diis 
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manner; a wellbore casing may be provided whose burst and collapse strength may 
• be precisely controlled by varying the numb^, thickness, and/or material properties 
of the tubular members, 1305 and 1310. 

Referring to Fig. 1 1 a, a wellbore 1400 includes a casing 1405 that is coupled 
5 to a preexisting casing 1410, In a preferred embodiment, one or more sealing 
members 1 4 1 5 are coupled to the exterior of the upper portion of the tubular 
member 1405 in order to optimally seal the interface between the tubular member 
1405 and the preexisting casing 1410. In a preferred embodiment, the tubular 
member 1 405 is plastically deformed and radially expanded using conventional . 

10 methods and/or one or more of the methods and apparatus described and referenced 
above. In an exen^Iary embodiment, the outside diameter of the tubulannnember 
1405 prior to the radial expansion process is ODo, the wall thickness of the tubular 
member 1405 prior to the radial expansion process is to, the outside diameter of the 
tubular member following the radial expansion process is ODj, and the wall 

15 thickness of the tubular member following the radial expansion process is tj. 

Referring to Fig. 1 lb, a tubular member 1420 may then be coupled to the 
lower portion of the tubular member 1405 by plastically deforming and radially 
expanding the tubular member 1420 using conventional methods and/or one or more 
of the methods and apparatus described and referenced above. In a preferred 

20 embodiment, the exterior surface of the upper portion of the tubular member 1420 
includes one or more sealing members for sealing the interface between the tubular 
member 1 420 and the tubular member 1 405. 

Referring to Fig. 1 Ic, lower portion of the tubular member 1405 and die 
tubular member 1420 may be radially expanded again to provide a mono^ameter 

25 wellbore casing. The additional radial expansion may be provided using 

conventional methods and/or one or more of the methods and apparatus described 
and referenced above. In an exen^lary embodiment, the outside diameter and wall 
thickness of the lower portion of the tubular member 1405 after the additional radial 
expansion process are OD2 and tj. 

30 The radial expansion process of Figs. 1 lb- 1 1 c can then be repeated to 

provide a mono-diameter wellbore casing of virtually unlimited length. 



In several alternative embodiments* the ordering of the radial expansions of 
the tubular members, 1405 and 1420, may be changed. For example, the first 
tubular member 1405 ithay be plastically deformed and radially Expanded to provide 
a lower portion having the outside diameter ODj and the remaining portion having 
5 the outside diameter 0D|. The tubular member 1420 may flien be plastically 

deformed and radially expanded one or moro times until the inside diameters of the 
. tubular members, 1405 and 1420, are substantially equal. The plastic deformations 
and radial expansions of the tubular members, 1405 and 1420, may be provided 
using conventional mettods and/or one or more of the methods and aj^aratus 
10 desoibed and referenced above. 

lii an exemplary embodiment, the total CT^ansion strain E of the tubular 
member 1405 may be expressed by the following equation: 

E^{OD^r'ODo)/OD, (1) 
where ODo = original outside diameter; 

1 5 ODi = outside diameter after 1^ radial expansion; and 

OD2 = outside diameter after 2"^ radial expansion. 
' Fxirthermore, in an exemplary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular meinber 1405 and the wellbore 1400 prior to the 
20 first radial expansion is equal to d, the outside diameters, 0D| and OD2, of the 
tubular member 1405 following the first and second radial expansions may be 
expressed as: 

-OD, = ODo + 2rf+2rj (2) 
OD^^OD,^2R^2t^ (3) 

where ODo = the original outside diameter of the tubular 

25 member 1405; 

0D| = the outside diameter of the tubular member 

1405 following the first radial expansion; 
OD2 = the outside diameter of the tubular member 

1405 following the second radial expansion; 
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d = the radial spacing betwe^ the tubular 

member 1405 and the weilbore prior to the first 
radial expansion; 
ti = the wall thickness of the tubular member 

1 405 after the first radial expansion; 
t2 = the.wallfliicknessof the tubular member 

1405 afto- the second radial expansion; and 
* R - the thickness of sealinjg member provided on 

the exterior surface of the tubular member 1 420. 
Furthermore, in an exemplary embodiment, for d approximately equal to 0.25 
inches and R approximately equal to 0.1 inches, equation (1) can be approximated 
as: 

£={0.7«+17/o)/QZ)o (4) . 
where to = the original wall thickness of the tubular 

member 1405.. 

In an exemplary embodiment, the total expansion strain of the tubular 
member 1405 should be less than or equal to 0.3 in order to maximize the burst and 
collapse strength of the expandable tubular member. Therefore, firom equation (4) 
the ratio of the original outside diameta* to the original wall thickness (OD(/to) may 
be expressed as: 

QDo > 3^/(03- 0,7/ OD^) (5) 
Thus, in a preferred embodiment, for ODq less than 10 inches, the optimal 
ratio of the original outside diameter to the origmal wall thickness (OD(/lo) may be 
expressed as:- • 

OD^/t^lie (6) 

In this manner, for typical tubular members, the burst and collapse strength 
of die tubular members following one or more radial expansions are maximized 
when the relationship in equation (6) is satisfied. Furthermore, the relationships 
expressed in equations (1) through (6) are valid regardless of the order or type of the 
radial expansions of the tubular member 1405. More generally, the relationships 
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expressed in equations (1) tbrough (6) may be applied to the radial expansion of 
structures having a wide range of profiles such as, for example, tri 
rectangular, and oval. 

An apparatus for plastically deforming and radially expanding a tubular 
member has been described that includes means fo^ plastically defonning and 
radially eTqmding a first pOTtion of the tubular member to a first outside diameter, 
and means for plastically deforming and radially expanding a second portion of the 
tubular.member to a second outside diameter. In a preferred embodiment, the first 
outside diameter is greato- tiian the second outside diameter. In a preferred 
embodiment, the.means for plastically deforming and radially expanding the first 
portion of the tubular memba- to the first outside diametCT is removable. In a 
preferred embodiment, the means for plastically defcmning and radially expanding 
the first portion of the tubular member to the first outside diameter is frangible. In a 
preferred embodim^t, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter is elastic. In a 
preferred embodiment, the means for plastically deforming 2ind.radiaUy expanding 
the first portion of the tubular member to the first outside diameter includes means 
for applying.a radial force to the first portion of the tubular member. In a preferred 
embodiment the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diamet^ is inflatable. In a 
prefored embodiment die means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter includes rolling 
means for applymg radial pressure to the first porticm of the tubular member. 

An apparatus for plastically deforming and radially expanding a tubular 
member has also been desaibed that includes a tubular support member including a 
first fluid passage, an expansion cone coupled to the tubular support member having 
a second fluid passage fluidicly coiq>led to th& first fluid passage and an outer 
conical surface, a removable annular conical sleeve coi^led to the outer conical 
surface of the expansion cone, an annular expansion cone launcher coupled to the 
conical sleeve and a lower portion of the tubular member, and a shoe having a 
valveable passage coiq^led to an end of the expansion cone launcher. In a preferred 
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embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a phirality 
of arcuate elemrats. . 

A nietfaod of plastically deforming and radially expanding a tubular member 
has also been described that includes plastically deforming and radially expanding a 
portion of the tubular meniber to a first outside diameter, and plastically deforming 
and radially expandnig another portion of die tubular member to a second outside 
diameter. In a preferred embodiment, the {irstdiametCT is greater than the second 
diameter. In a preferred embodiment, plastically deforming and radially expanding 
the portion of the tubular member includes applying a radial force to the portion of 
the tubular member using a conical sleeve. In a preferred embodiment, conical 
sleeve is frangible. In a preferred embodiment, flie conical sleeve is elastic. In a 
preferred embodiment, the conical sleeve includes a plurality of arcuate elements. 
In a preferred embodiment, plastically deforming and radially expanding the portion 
of the tubular meriiber includes ^plying a radial force to die portion of the tubular 
member using an inflatable bladder. In a prefm-ed embodiment, plastically 
deforming and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular meniber using a roller expansion 
device. 

A method of coupling a first tubular member to a second tubular member has 
also been desoibed diat includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically dcfomring 
and radially expanding another portion of the first tubular member to a second 
outside diameter, positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter.. The inside diameters of the first and 
second tubular members af^er the plastic deformations and radial expansions are 
substantially equal. In a preferred embodiment, the first outside diameter is greater 
than the second outside diameter. In a preferred embodiment, plastically deforming 
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and radially expanding the first portion of the first tubular member includes applying 
a radial force to the portion of the tubular member using a conical sleeve. In a 
preferred embodiment, the conical sleeve is fi*angible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
5 a plurality of arcuate elements. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying 
a radial force to the first portion of ttie first tubular member using an inflatable 
bladder. In a prefeired embodiro^t, plastically deforming and radially expanding 
the first portion of the first tubular m^iiber includes applying a radial force to die 

1 0 first portion of the first tubular member using a roller expansion device* 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
means for plastically deforming and radially expanding another portion of the first 

1 5 tubular member to a second outside diameter, means for positioning the second 
tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubular meinber, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and means for 
plastically deforming and radially expanding the second tubular member to a fourth 

20 outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the first outside diameter is greater than die second outside diameter. 
In a preferred enibodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular membo' includes means for implying a 

25 radial force to the portion of the tubular member using a conical sleeve. In a 

preferred embodiment, the conical sleeve is fitingible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
. a plurality of arcuate elements. In a preferred embodiment, the means for plastically 
deforming and radially expanding the fiiit portion of the first tubular member 

30 includes means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, the means for 
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plastically deforming and radially expanding the first portion of the fiist tubular 
member includes means for applying a radial force to the first portion of the first 
tubular member lising a roller expansion device. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for siqiporting a tubular memb^ within the wellbore, 
means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter^ and means for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diameter. In 
a preferred embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred embodiment^ the means for plastically defc»ming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is removable. In a preferred embodiment, the means for plastically 
deforming and radiaHy expanding the first portion of the tubular member to tiie first 
outside diameter is fiiangible. In a preferred embodiment, the means for plastically 
defwraing and radially expanding the first portion of the tubular metiiber to the first 
outside diameter is elastic. In a preferred embodiment,, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes means for applying a radial force to the first portion of the 
tubular member. In a preferred embodiment, the means for plastically deforming 
and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a prefmed embpdimmt, the means for plastically 
deformtrig and radially expanding die first portion of the tubular membor to the first 
outside diameter includes rolling means for applying radial pressure to the first 
portion of the tubiilar member. In a prefored embodiment, the apparatus further 
includes means for forming an annular body of a fluidic sealing material within an 
annulus between the tubular memb^ and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support rnember having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface, a 
removable annular conical ^leeve coupled to the outer conical surface of the 
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expansion cone,- an annular expansion cone launcher coupled to the conical sleeve 
and a Iowct portion of the tubular member, and a shoe having a valveable passage 
coupled to an end of the expansion cone launcher. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. 
5 In a preferred embodiment, the conical sleeve includes a plurality of arcuate 
elements. 

A method of forming a wellbore casing within a wellbore has also been 
desCTibed that includes supporting a tubular member within a wellbore, plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
0 diameter, and plastically deforming and radially expanding another portion of the 
- tubular member to a second outside dianieter. In k preferred embodiment, the first 
diameter is greater than the second diameter. In a preferred embodiment, plastically 
deforming and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using a conical sleeve. 
In a preferred embodiment, the conical sleeve is frangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical 
sleeve includes a plurahty of arcuate elements. In a preferred embodiment, 
plastically deforming and radially expanding the portion of the tubular member 
includes applying a radial force to the portion of the tubular member using an 
inflatable bladder. In a preferred embodiment, plastically deforming and radially 
expanding the portion of the tubular member includes applying a radial force to the 
portion of the tubular member using a roller expansion device. In a preferred 
embodiment, the method further includes injecting an annular body of a haidenable 
fluidic sealing material into an annulus between the tubular member and the 
wellbore. In a preferred embodiment, the method fiirther includes curing the annular 
body of hardenable fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member withm the 
weUbore, plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter, plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter. 
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positioning the second tubular menAo: inside fee first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically 
deforming and radially expanding the second tubular member to a third outside 
diameter, and plastically deforming and radially expanding the second tubular 
5 member to a fourtti outside diameta. The inside diarheters of the firet and second 
tubular members after the plastic defoimaticms and radial expansions are 
substantially equal. In a preferred embodiment, the first outside diameter is greater 
than the second outside diameter. In a prefeired embodiment, plastically deformmg 
and radially expanding the first pcMtidri of the first tubular memb«- includes applying 
10 a radial force to &e portion ofthe tubular member using a conical sleeve. In a 
prefeired embodimait, the conical sleeve is fi^gible. In a prefenred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred.embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying 
15 . a radial force to the first portion ofthe first tubular member using an inflatable 
bladder. In a preferred embodiment, plastically deforming and radially expanding 
the first portion ofthe first tubular.member includes applying a radial force to the 
first portion ofthe first tubular member using a roller expansion device. In a 
preferred embodunent, the method fiirther includes u^ecting an amular body of a 
20 hardenable fluidic sealing material into an annuhis between the first tubular member 
and the wellbore. In a preferred embodim^t, the meOiod fiirther includes curing the 
annular body of hardenable fluidic sealing material, hi a preferred embodiment, the 
method ftuther includes injecting an annular body of a hardoiable fluidic sealing 
material into an annulus between the second tubular niembo^ and the wellbore. In a 
25 preferred embodiment, the method fiother includes curing the annular body of 
hardenable fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular memba- 
. has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
30 means for plasticaUy deforming and radially expanding anotho- portion of the first 
tubular member to a second outside diameter, means for positioning the second 
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tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubular member, means for plastically deforming and radially 

expanding the second tubular membo: to a third outside diameter, and means for 
plastically deforming and radially expanding the second tubular membCT to a fourth 
5 outside diameter. The inside diameters of Ae first and second tubular membere after 
the plastic defonnations and radial eiq)ansions are substantial^ In a preferred 
embodiment, the first outside diametca: is greater than the second outside diameter. 
In a preferred embodiment, the means for plastically deforming and radially 
expandmg the first portion of the first tubular iromber includes means for applying a 
radial force to the portion of the tubular member using a conical sleeve. In a 
prefeired embodiment, the tonical sleeve is frangible, hi a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodimait, the corneal sleeve includes 
a plurality of arcuate elements. In a preferred cmbodim^t, the means for plastically 
dcfonning and radially expanding the first portion of flie first tubular member 
includes means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder, bi a prefeired embodiment, the means for 
plastically deforming and radially e}q)anding flie first portim of the first tubular 
member includes means for applying a radial force to ttie first portion of the first 
tubular member using a roller expansion device. In a j»efenred embodiment, the 
apparatus fiirther includes means for injecting an annular body of a hardoiable 
fluidic sealing material into an annuliks bctweoi the first tubular member and the 
wellbore. In a preferred embodiment, the apparatus fiirther includes means for 
curing the annular body ofhardenable fluidic sealing material, fti a preferred 
embodimrat, the apparatus finlhcr includes means for injecting m annular body of a 
hardeoable fluidic sealing material into an araiulus between the second tubular 
membo: and the wellbore. In a preferred embodimait, the apparatus fiirther includes 
means for curing the annular body of hardenable fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes means for providing a lipped portion 
in a portion of the tubular member, and means for plastically deforming and radially 
expanding another portion of the tubular member. 
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Ail apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes a tubular support mCTibcr including a 
first fluid passage, an expansion cone coupled to the tubular support member having 
a second fluid passage fluidicly coupled to the first fluid passage and an outer 
5 conical surfece, an annular expansion cone launcher including: a first annular 
portion coiq)led to a lower portira of the tubular member, a second annular portiwi 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having 
a first outside diameter, and a fourth annular portion coupled to the third annular 
portion having a second outside diameter, wherein the second outside diameter is 
less than the first outside diameter, and a shoe having a valveable passage coupled to 
fourth annular portion of the expansion cone launcher. 

A method of plastically deforming and radially expanding a tubular mmibcr 
has also been described that includes providing a lipped portion in a portion of the 
tubular member, and plastically deforming and radially expanding another portion of 
the tubular member. 

A method of coupling a first tubular member to a second tubular member has 
also been desoibed that includes providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the 
first tubular member, positioning flie second tubular member inside the first tubular 
member in overlapping relaticm to the lipped portion of the first tubular member, and 
plastically deformmg and radially expanding the second tubular member. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

An apparatus for coupling a first tubular member to a second tubular member 
has also bera desoibed tfiat includes means for providing a lipped in the first tubular 
membCT, means for plastically deforming and radially expanding another portion of 
the first tubular member, meaiis for positioning the second tubular member inside 
the first tubular member in overlapping relation to the lipped portion of the first 
tubular member, and means for plastically deforming and radially expanding the 
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second tubular member. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
5 means for providing a lipped portion in the tubular member, and means for 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first fluid passage, an 

10 expansion cone coupled to the tubular support member having a second fluid 

passage fluidicly coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular portion coupled.to a 
lower portion of the tubular memba*, a second annular portion coupled to the first 
annular portion that mates with the outer conical surface of the expansion cone, a 

15 * third annular portion coupled to the second annular portion having a first outside 
diameter, and a fourth annular portion coupled to the third annular portion having a 
second outside diameter, wherein the second outside diameter is less than the first 
outside diameter, and a shoe having a valveable passage coupled to fourth annular 
portion of ihe expansion cone launcher. 

20 A method of forming a wellbore casing in a wellbore has also been described 

that includes supi^)rting a tubular member within tbt wdlbore, providing a lipped 
porticHi in a portion of the tubular member, and plastically deforming and radially 
expanding another portion of die tubular member. In a preferred embodiment, die 
method further includes injecting a hardmable fluidic sealing material in an annulus 

25 between the tubular member and die wellbore. In a preferred embodiment, the 
method further includes curing the fluidic sealing material. 

A method of forming a mono-diameter wellbore casiiig within a wellbore has 
• also been described that includes supporting a first tubular member within the ■ 
wellbore, providing a lipped portion in a portion of the first tubular member, 

30 plastically deforming and radially expanding another portion of the first tubular 
member, positioning the second tubular member inside the first tubular member in 
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overlapping relation to the lipped portion of tfie first tubular member, and plastically 
deforming and radially expanding the second tubular member. The inside diameters 
of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. In a preferred embodimCTt, die method fiirther 
5 includes injecting a hardenable fluidic sealing material in an annulus betwe^ the 
first tubular member and the wellbore. In a preferred embodiment, the method 
further includes curing the fluidic sealing material. In a prefared embodiment, the 
meftod. further includes injecting a hardenable fluidic sealing material in an annulus 
between the second tubular member and die wellbore. In a preferred embodiment^ 

10 the method further includes curing the fluidic sealing nuiterial. 

An apparatus for forming a mono-diameter wellbore casing within a wellbore 
has also .been described that includes means for providing a lipped in the first tubular 
member, means for plastically deformiiig and radially expanding another portion of 
the first tubular member, means for positioning the second tubular member inside 

15 the first tubular member in overlapping relation to the lipped portion of the first 
tubular member, and means for plastically deforming and radially expanding the 
. second tubular member. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. 
In a preferred embodiment, the apparatus finther includes means for injecting a 

20 hardenable fluidic sealing material in an annulus between the first tubular member 
and the wellbore. In a preferred embodiment, the apparatus furth^ includes means 
for curing the fluidic sealing material. In a preferred embodiment, the apparatus 
fiuther includes means for injecting a hardenable fluidic sealing material in an 
annulus between the second tubular member and the wellbore. In a preferred 

25 ethbodiment, the apparatus further includes means for curing the fluidic sealing 
material. 

An apparatus for plastically deforming and radially expanding a tubular 
, member has also been described that includes means for plastically deforming and 
radially expanding a first end of the tubular member, and means for plastically 
30 deforming and radially expanding a second end of the tubular member. In a 
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preferred embodiment, the apparatus further includes means for anchoring the 
tubular member during the radial expansion. 

An apparatus for plastically deforiiiing and radially expanding a tubular 
member has also been desaibed that includes a tubular support member including a 
first passage, an expansion cone coi^led to the tubular s^xppoa having a second 
passage fluidicly coiq)led to the first passage and an outer conical surface, an 
annular expansion cone launcher movably coupled to outa* conical surface of the 
expansion^cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and anotha: annular expansion cone 
movably coupled to the tubular siq)port member. The annular expansion cones are 
iX)sitioned in opposite orientations. In a preferred embodiment, the annular 
expansion cone is adapted to plastically deform and radially expand a first aid of the 
expandable tubular member and the other annular expansion cone is adapted to 
plastically deform and radially expand a second md of the expandable tubular 
member. In a preferred embodiment, the apparatus further includes an anchoring 
member coifl>led to the tubular support member adapted to hold the expandable 
tubular. 

A method of plastically defwming and radially expanding a tulwilar member 
has also been described that includes plastically deforming and radially expanding a 
first end of the tubular member, and plastically deforming and radially expanding a 
second end of the tubular member. In a preferred embodiment, the method fiirther 
includes andioring flic tubular member during the radial expansion. In a preferred 
endxxiiniehti Ae first end of the tubular membCT is plastically deformed and radially 
expiandcd before the second end. In a preferred embodiment, plastically deforming 
and radially expanding the second end of the tubular member includes injecting a 
fluidic material into the tubular member. 

A method of coupling* a first tubular member to a second tubular member has 
also been described that includes positioning the second tubular member inside the 
first tubular member in an overl^ping relationship, plastically deforming and 
radially expanding the end of the second tubular member that ovcrla5)S with fte first 
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tubular member, and plastically deforming and radially expanding the remaining 
portion of the second tubular member. In a preferred embodiment, the method 
further indudes plastically deforming and radially expanding at least a portion of the 
second tubular member. In a preferred embodiment, the inside diameters of the first 
5 and second tubular members are substantially equal after the radial expansions. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described fliat includes means for positioning the second tubular 
member inside the first tubular member in an overlqjping relationship, means for 
plastically deforming and radially expandmg the end of the second tubular member 

10 that overlaps with the first tubular member, and means for plastically deforming and 
radially expanding the remaining portion of the second tubular member. In a 
preferred embodiment, the apparatus further includes means for plastically 
deforming and radially expanding at least a portion of the second tubular member. . 
In a preferred embodiment, the inside diameters of the first and second tubular 

1 5 members are substantially equal after the radial expansions. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end 

20. of the tubular member. In a preferred embodiment, the apparatus further includes 
means for anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material into an annulus between the tubular member and the wellbore. 

An ^aratus for forming a wellbore casing within a wellbore has also been 

25 described that includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular support having a second passage fluidicly 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the annular expansion cone 

30 launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
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coupled to the tubular support member. The annular CTqjansion cones are positioned 
in opposite orientations. In a preferred embodiment, the annular expansion cone is 
ad^ted to plastically deform and radially expand a first end of the expandable 
tubular member and the oflier annular expansion cone is adapted to plastically 
5 deform and radially expand a second end of the expandable tubular member. In a 
preferred embodiment, the apparatus fur&er includes an anchoring member coupled 
to the tubular support member adq>ted to hold the expandable tubular. 

A method of forming a wellbore casing within a weilbore has also been 
described that includes plastically deforming and radially expanding a first end of 
the tubular member, and plastically deforming and radially expanding a second end 
ofthe tubular member. In a preferred embodimait, the method fiirther includes 
anchoring flie tubular member during the radial expansion. In a preferred 
embodiment the first md of flie tubular member is plastically deformed and radially 
expanded before the second end. In a preferred embodiment, plastically deforming 
and radially expanding the second end of the tubular mCTiber includes injecting a 
fluidic material into the tubular member. In a preferred embodimoit, the method 
further includes injecting a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. . 

A method of forming d wellboie casing within a wellbore has also been 
described that includes plastically deforming and radially e:fcpanding a first tubular 
member within the wellbore, positioniiig a second tubular member inside the first 
tubular member in an overlapping relationship, plststically deforming and radially 
expanding the end ofthe second tubular member fliat overl^s wifli the first tubular 
member, plastically deforming and radially expanding the remaininjg portion pf the 
second tubular member. In a preferred embodiment, the method further includes 
plastically deforming and radially expanding at least a portion of flie second tubular 
member. In a preferred embodiment, the inside diameters ofthe first and second 
tubular members are substantially equal after the radial expansions. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing 
materia] into an ^muhis between the first tubular member and the wellbore. In a 
preferred embodiment, the method further includes injecting a hardenable fluidic 
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sealingimaterial into an annulus between flie second tubular member and the 
wellbore. 

An apparatuis for forming a weUbore casing within a wellbore has also been 
described that includes means for plastically deforming and radially expanding a 
5 first tubular member within the wellbore, means for positioning the second tubular 
member inside the first tubular member in an overiapping relationship, means for 
plastically deforming and radiaUy expandingthe end of the second tubular member 
that overlaps with the first tubular membw, means fw plasticaUy deforming and 
radially expanding the remaining portion of the sfecond tubular member. In a 
10 prefeired embodiment the apparatus further includes means for plastically 

deforming and radially expanding at least a portion of the second tubular member. 
In a preferred embodiment, die inside diameters of the first and second tubular 
members are substantially equal after flie radial expansions, h a prefeired 
embodiment, the apparatus fiirther includes means for injecting a hardenable fluidic 
15 sealing material into an annulus between the first tubular meniber and the wellbore. 
hi a preferred embodiment, the SCTaratus fiirther includes means far injecting a 
hardenable fliridic sealing material into an annulus between the sewmd tubular 
member and the wellbore. 

An ai^>aratus for bridging an axial gap between opposing pairs of wellbore 
20 casing within a wellbore has also been described that includes ineans for supporting 
a tubular member in overlqiping relaticm to the opposing ends of the wellbore 
casings, means for plastically deforming and radially expanding the tubular member, 
and means for plastically deforming and radially expanding the tubular member and 
the Disposing ends of the wdlbore casings. 
25 A method of bridging an axial gap betweoi opposing pairs of wellbore casing 

wifliin a wellbore has also been desraibed that includes supporting a tubular member 
in ovCTl^ing relation to the opposing ends of the wellbore casings, plastically 
.. deforming and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing 
30 ends of the wellbore casings. 
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A method of forming a structure haying desired strength characteristics has 
also been described that includes providing a first tubular member, and plastically 
deforming and radially expanding additional tubular membere onto the interior 
surface of the jfirst tubular member until the desired stiragft characteristics are 
achieved. 

A method of forming a wellbore casing within a wellbore having desired 
strength characteristics has also been desaribed that includes plastically deforming 
and radially expanding a first tubular member within the weUbore, and plastically 
defonning and radially expanding additional tubular membere onto flie interior 
surface of the first tubular member until the desired strength characteristics are 
achieved. 

A method of coupling a first tubular member to a secrad tubular member, the 
first tubular member having an original outside diameter ODq and an original wall . 
thickness to, has also been described that includes plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameto", 
plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positiwiing the second tubular member inside 
the first tubular menibCT in overlapping relation to the first portion of the fiist 
tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically defonning and radially . 
expanding the second tubular member to a fourth outside diameter, wherein the 
inside diameters of the first and second tubular members aftra- the plastic 
deformations and radial expansions arc substantially equal, and 
wherein the ratio of the original outside diameter ODo of the first tubular member to 
the original wall thickness to of the first tubular member is greater than or equal to 
16. 

A method of forming a mono-diameter wellbore casing has also been 
described that includes positioning a first tubular member within a wellbore, the first 
tubular member having an original outside diameter ODq and an original wall 
thickness to, plastically deforming and radially expanding a firet portion of the first 
tubular member to a first outside diameter, plastically deforming and radially 
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expanding another portion of the first tubular member to a second outside^iameter, 
positioning the second tubular member inside the first tubular member in 
overlqipiiig relation to the first portion of the first tubular member, plastically 
deforming and radially expanding the second tubular member to a third outside 
dianaeter, and plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter The inside diameters of the first and second 
tubular members after the plastic deformaticms and radial expansions are 
substantially equal, and wherein the ratio of the original outside diameter ODq of the 
first tubular member to the original wall thickness t<^ of the first tubular member is 
greater than or equal to 16. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, wh^ehi the 
ratio of the original outside diameter ODq of the first tubular member to the original 
wall thickness to of the first tubular member is greater than or equal to 16. 

An apparatus has also been described Oiat includes a plastically deformed and 
radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion 
of the first tubular member. The ratio of the original outside diameter ODq of the 
first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. In a preferred embodiment, the inside diameters of the 
first and second tubular members are substantially equal. 

A wellborc casing formed in a wellbore has also been described that includes 
a plastically deformed and radially expanded first tubular member having a first 
portion having a fu^t outside diameter and a remaining portion having a second 
outside diameter, and a plastically defomied and radially expanded second tubular 
member coupled to the first portion of the first tubular member. The ratio of the 
original outside diameter ODq of the iSrst tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 1 6, In a preferred 
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cmbodim^t, the inside diameters of flie first and second tubular members are 
substantially equal. 

An qspafatus has also been desoibed that includes a plastically deformed and 
radially expanded tubular member. In aprefmed embodiment, the ratio of die 
5 original outside diameter ODo of the tubular member to the original wall thickness to 
of flie tubular member is greator ttianx>r cqud to 16, 

hi several dtemative embodiments, the methods and apparatus described and 
referenced, above may be used to form or repair wellbore casings, pipelines, and 
structural siqsports. 

1 0 Although ^ detailed description has shown and described illustrative 

embodiments of the invention, this desaiption contemplates a wide range of 
modifications, changes, and ^bstitutions. In some instances, one may employ some 
features of die present invention without a corresponding use of the other features. 
Accordingly, it is appropriate that readws should construe the appended claims 

15 broadly, and in a manner consistent with the scope of the invention. 
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Qaims 

What is claimed is: 

1 . An apparatus for bridging an axial gap between opposing pairs of wellbore 
5 casings wi&in a wellbore, comprising: 

means for supporting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings; 

means for plastically deforming and radially expanding the tubular member; 

and 

1 0 means for plastically deforaiing and radially expanding the tubular member 

and the opposing ends of the wellbore casings. 

2. A method of bridging an axial gap between opposing pairs of wellbore casings 
within a wellbore, comprising: 

1 5 ' supporting a tubular member in overlapping relation to the opposing ends of 

the wellbore casings; 

plastically deforming and radially expanding the tubular member; and 
plastically deforming and radially expanding the tubular member and the 

opposing ends of the wellbore casings. 

20 
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1 . An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameten and 

means for plastically deforming and radially expanding a second portioii of the 
tubular member to a second outside diameter. 

2. The apparatus of claim 1 , wherein the first outside diameter is greater than the 
second outside diameter. 

3. The apparatus of claim 1 , wherein the means for plastically deforming' and 
radially expanding the first portion of the tubular member to the first outsid 
diameter is removable. 

4. The apparatus of claim 1 , who-ein the means for plastically deforming aiid 
radially rapanding the first portion of the tubular member to the first outside 
diameter is fiwgible. 

5. Tl^ q>paratus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is elastic. 

6. The apparatus of claim 1 , wherein the means for plastically .deforming and 
radially expanding the first portion of the tubular member to the first.outside 
diameter conq^rises means for applying a radial force to the first portion of the 
tubular member. 

7. The apparatus of claim 1, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. 



68 



8. The apparatus of claim 1 , whereia flic means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter includes rolling means for applying radial pressure to the first portion of 
the tubular member. 

9. An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

a tubular support member including a first fluid passage; . 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubidar member, and 

a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

. 10. The apparatus of claim 9, wherein the conical sleeve is frangible. 

1 1 . The apparatus of claim 9, wherein the conical sleeve is elastic: 

1 2. The apparatus of claim 9, wherein the conical sleeve conqMises a plurality of 
arcuate elements. 

1 3. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming md radially expanding a portion of the tubular member 
to a first outside diameter, and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 
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1 4. The method of claim 1 3, wherein the first diameter is greater than the second 
diameter. 

5 15. The method of claim 13, wherein plastically deforming and radially expanding 
the portion of the tubular meniber comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

10 16. The method of claim 15, wherein the conical sleeve is frangible. 

17. The method of claim 15, wherein the conical sleeve is elastic. 

1 8. The method of claim 15, wherein the conical sleeve conprises a plurality of 
1 5 • arcuate elements, 

19. The method of claim 13, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

20. The method of claim 13, w*erein plastically deforming and radially expanding 
the portim of the tubular niember conq)rises: 

flying a radial force to the portion of the tubular memba- using a roller 
expansion device. 

21. A method of coupling a first tubular member to a second tubular member, 
• comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
member to. a fu^t outside dianoeter; 
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plastically defonning and radially expanding another portion of the first 
• tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 
5 plastically deforming and radially expanding the second tubular member to a 

third outside diameter; and 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
1 0 plastic deformations and radial expansions are substantially equal. 

22. The method of claim 21, wherein the first outside diameter is greater than the 
second outside diameter. 

15 23 . The method of claim 2 1 , wherein plastically defonning and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

20 24. The method of claim 23, wherein the conical sleeve is ftangible. 

25. The method of claim 23, wherein the conical sleeve is elastic. 

26. The method of claim 23, wherein the conical sleeye coni{>rises a plurality of 
25 arcuate elements. 

27. TTie method of claim 2 1 , wherein plastically defonning and radially expanding 
- the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
30 inflatable bladder. 
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28. The method of claim 21 , wherein plastically deforming and radially expanding 
the first'portion of the first tubular member conqprises: 

applying a radial iforce to the first portion of the first tubular member using a 
roller expansion device. 

5 

29. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the 
. first tubular member to a first outside diameter; 
1 0 means fOT plastically defornring and radially expanding another portion of the 

first tubular membCT to a second outside diameter, 

means for positioning the second tubular member inside tfie first tubular 
member in overlapping relation to the first portion of the first tubular member, 
means for plastically deforming and radially expanding the second tubular 
1 5 member to a third outside diameto^, and 

means for plastically deforming and radially expanding the second tubular 
membCT to a fourth outside diameter, 

wherein flie inside diameters of the first and second tubular memb^s after the 
plastic deformations and radial expansions are substantially equ^^ 

20 

30. The apparatus of claim 29, wherein the first outside diameter isl greater than 
the second outside diameter. 

31. The aiq)aratus of claim 29, wh^ein the means fcMr plastically deforming and 
25 radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of claim 3 1 , wherein the conical sleeve is fi-angible. 

30 

33. The apparatus of claim 31 , wherein the conical sleeve is elastic. 
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34. The apparatus of claim 31, wherein flie conical sleeve comprises a plurality of 
arcuate elements. 

5 35. The apparatus of plaim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to flic first portion of the first tubular 
member using an inflatable bladder. 

1 0 36. The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the firet tubular member comprises: 

means for applymg a radial force to the first portion of the first tubular 
member using a roller expansion device. 

15 37. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 

20 tubular member to a second outside diameter. 

38. The apparatus of claim 37, wherein the first outside diameter is greater tiian 
the second outside diameter. 

25 39. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular meinber to the first outside 
diameter is removable. 

40. The apparatus of claim 37, wherein the means for plastically deforming and 
30 radially expanding the first portion of the tubular member to the first outside 
diameter is fi-angible. 
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41. The apparatus of claim 37, wherein the means for plastically deformmg and ' 
radially expanding the first portion of the tubular member to the first outside - j 
diameter is elastic. 

5 ■ ' • ■ i 

42. The apparatus of claim 37, wherein flie means for plastically deforming and 

radially expanding the first portion of Ae tubular member to the firetoute^^^ ! 

diameter con^)rises means for applying a radial force to the first portion of Ae ^ 

tubular member. » 

10 , 

43. The apparatus of claim 37, wherem flie means for plastically deforming and I 
radially expanding fte first portion of the tubular member to flie first outside . 
diameter is inflatable. . 

15 44. The apparatus of claim 37, wherein the means for plastically deforming and ^ 

radially expanding the first portion of die tubular member to the first outside j 
diameter cotnprises rolling means Tot applyiiig radial pressure to flie first portion of 

the tubular member. | 

20 45. The apparatus ofclaim 37, fiirtha- comprising: j 
means fOTfonning an aimular body of a fluidic sealing material wdiin an ^ 

annulus between the tubular member and the wellbOTc. i 

46. An apparatus for fonning a wellbore casing within a wellborc,con5)rising: I 
25 a tubular support member including a first fluid passage; i 

an expansion cone coupled to the tubular support membear having a second ' 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; j 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

30 an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member; and 
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a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

47. The apparatus of claim 46, wherein the conical sleeve is frangible. 

5 

48. The apparatus of claim 46, wherein the conical sleeve is elastic. 

49. The apparatus of claim 46, wherein the conical sleeve comprises a pluraUty of 
arcuate elements. 

10 

50. A method of forming a wellbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member 
to a first outside diameter; and 
1 5 plastically deforming and radially expanding another portion of the tubular 

member to a second outside diameter. 

5 1 . The method of claim 50, wherein the first diameter is greater than the second 
diameter. 

20 

52. The method of claim 50, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

25 

53. The method of claim 50, wherein the conical sleeve is frangible. 

. 54. The method of claim 50» wherein the conical sleeve is elastic. 

30 55. The method of claim 50, wherein the conical sleeve comprises a plurality of 
arcuate elements. 
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56. The method of claim 50, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
5 bladd^.. 

57. The method of claim 50, wherein plastically deforming and radially expandirig 
the portion of the tubular member comprises: 

^plying a radial force to the portion of the tubular memb^ using a roller 
10 expansion device. 

58. The method of claim 50, further comprising: 

injecting an annular body of a hardoiable fluidic sealing nfiatoi al into an 
annulus between the tubular member and the wellbore. 

15 

59. The method of claim 58, further con5)rising: 

curing the annular body of hardenable fluidic sealing inaterial. 

60. A method of forming a mono-diameter wellbore casing within a wellbore, 
20 conqpnsing: 

supporting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, 

plastically deforming and radially expanding another portion of the first 
25 tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and 
30 plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter; 



76 



wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially egual. 

61 . The method of claim 60, wherein the first outside diameter is greater than the 
5 second outside diameter. 

62. The method of claim 60, wherein plastically deforming and radially expanding 
the first portion of the first tubular member jcomprises: 

applying a radial force to the portion of the tubular member using a conical 
10 sleeve. 

63. The method of claim 62, wherein the tonicai sleeve is frangible. 

64. The method of claim 62, wherein the conical sleeve is elastic. 

15 

65. The method of claim 62, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

66. The method of claim 60, wherein plastically deforming and radially expanding 
20 the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

67. The method of claim 60, wherein plastically deforming and radially expanding 
25 the first portion of the first tubular member comprises: ^ 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

68. The method of claim 60, fiirther comprising: 

30 injecting an annular body of a hardenable fluidic sealing material into an 

annuius between the first tubular member and the wellbore. 
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69. 



Themediodofclaim68, furflierconqmsing: • 
curing the annular body of hardenable fluidic sealing material. 



5 70. The method of cldm 60, further cbnq>rising: 

injecting an annular body of a haid^iable fluidic sealing tnaterial into an 
annulus between the second tubular member and ft e wellbore. 

71 . The method of claim 70, further qonq)rising: 

1 0 . curing the annular body of hardenable fluidic sealing material. 

72. An app£u:atus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the 
1 5 first tubular member to a first outside diameter 

means for plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter, 

means for positioning the second tubular member inside the first tubular 
member in ov^lapping relation to the first portion of flie first tubular member, 
20 rneans for plastically defonning and radially expanding the second tubular 

member to a third outside dianteter, and 

means for plasticaUy deforming and radially expanding the second tubular 
member to a fourtii outside diameter; 

-wherein the inside diameters of the first and second tubular members afl^ the 
25 plastic deformations and radi^ expansions are substantially equal. 

73. The apparatus of claim .72, wherein the first outside diameter is greater than 
-* the second outside diamet^-. 

30 74. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member coxiq>rises: 
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means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

75. The ^paratus of claim 74, wherein the conical sleeve is frangible. 

5 

. 76. The apparatus of claim 74, wherein the conical sleeve is elastic. 

77. .The apparatus of claim 74, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

10 

78. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member com|Hises: 

means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. 

15 

79. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member con:q)rises: 

means for applying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

20 

80. The apparatus of claim 72, fiirther comprising: 

means for injecting an annular body of a hardenable fluidic sealing material 
into an annulus between the first tubular member and the wellbore. 

25 81. The apparatus of claim 80, fiuther cong>rising: 

means for curing the aimular body of hardenable fluidic sealing material. 

. 82. The apparatus of claim 72, fiirther comprising: 

means for injecting an annular body of a hardenable fluidic sealing material 
30 into an annulus between the second tubular member and the wellbore. 
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83. The apparatus of claim 82, further conpising: 

means for curing tbe annular body of hardenable fluidic sealing matmal. 



84. An aiq)aratus for plastically deforming and radially expanding a tubular 
5 membefy c6mprising: 

means for providing a lipped portion in a portion of the tubiilar member; and . 

means for plastically deforming and radially expanding anotber portion of the 
tubular member. 

10 85. An sq)paratus for plastically deforming and radially expanding a tubular 
member, comprising: 

a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a Second ' 
fluid passage fluidicly coupled to the first fluid passage and an outer conical sur&qe; 
15 an annular expansion cone launcher con;>rising: 

a first annular portion coupled to a lower portion of the tubular meniber, 
a second annular portion coupled to the first annular portion that mates with 
the outer conical surface of the expansion cone; 

a third aimular portion coupled to the second annular portion having a first 
20 ' outside diameter and 

a fourth annular porticm coiq>led to the third annular portion liaving a second 
outside diameter; 

wherein the second outside diameter is less than the first outside diameter, and 
a shoe having a valveable passage coiipled to fourdi annular portion of the - 
25 expansion cone launcher. 

86. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member; and 
30 plastically deforming and radially expanding another portion of the tubular 

member. 
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87. A method of coupling a first tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular member, 
5 plastically deforining and radially expanding anotho^ portion of the first 

tubular member, 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and 

plastically deforming and radially expanding the second tubular member, 
10 wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 

88. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

15 ' means for providing a lipped portion in the first tubular member, 

means for plastically deforming and radially expanding another portion of the 
first tubular member; 

means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member; 
20 and 

means for plastically deforming and radially expanding the second tubular 
memb^ 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and .radial expansions are substantially equal. 

25 

89. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

rneans for providing a lipped portion in the tubidar member, and 
means for plastically deforming and radially expanding another portion of the 
30 tubular member to a second outside diameter. 



81 



90. An ^paratus for fonning a wellborc casing within a wellbore, con5>rising: 
a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coiq[)1ed to the first fluid passage and an outer conical surface; 
5 an annular expansion cone launcher conprising: 

a first annular portion coupled to a lower portion of the tubular member; 

a second annular potion coupled to &e first aimular portion that mates with 
the outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first 
1 0 outside diameter, and 

a fourth annular portion coupled to the third annular portion having a second 
outside diameter; 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valvcable passajge coupled to fourth annular portion of the 
1 5 expansion cone launcher. 

91. A method of forming a wellbore casing in a wellbore, comprising: 
supporting a tubular member within the wellbore; 

providing a lipped portion in a portion of the tubular member," and 
20 plastically deforming and radially expanding another portion of the tubular 

member. 



92. The mefliod of claim 91, fiirtfier con^rising: 

injecting a hardenable fluidic sealing mat^al in an annulus between Ae 
25 tubular member and the wellbore. 

93. The method of claim 92, fiirther comprising: 
curing the fluidic sealing material. 

30 94. A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 
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suppordng a first tubdar inemW within the wellto 
providing a lipped portion in a portion of the first tubular member; 
plastically deforming and radially expanding anotfier portion of the first 
tubular member, 

5 positioning the second tubular member inside the first tubular member in 

overliving relation to iho lipped portion of the first tubular memb^; and 

plastically deforming and radially expanding ihe second tubular member; 

wherein the inside diameters of the first and second tuSular members after the 
plastic deformations and radial expansions are isubstantially equal. 

10 

9S. The method of claim 94» further comprising: 

injecting a hardenable fluidic sealing material in an annulus between fbe first 
tubular membor and the wellbore. 

1 5 96. The method of claim 95, fiirtha* comprising: 
curing the fiuidic sealing material. 

97. The method of claim 94, fiirth^ comprising: 

injecting a hardenable fiuidic sealing material in an aimulus between the 
20 second tubular member and the wellbore. 



98. The method of claim 97, further comprising: 
curing the fluidic sealing material. 

25 99. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
conqjrising: 

means for providing a lipped in the first tubular member; 
means for plastically deforming and radially expanding another portion of the 
first tubular member; 



83 



means for positioning the second tubular member inside the first tubular 
member in overlapping relaticm to ttie lipped portion of the first tubular member, 
and 

means for plastically deforming and radially expanding tiie second tubular 
5 member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

.100. The^paratusofclaim99,fiirthercon^sing: 
1 0 means for injecting a hardenable fluidic sealing material in an annulus between 

the first tubular member and the wellbore. 

101. The apparatus of claim 100, fiirther comprising: 
means for curing the fluidic sealing material. 

15 

.102. The apparatus of claiin 99, fiirthercon^rising: 

means for injecting a hardenable fluidic sealing material in an annulus between 
ti^e second tubular member and the wellbore. 

20 103. The apparatus of claim 1 02, Anther conprising: 
means for curing tiie fluidic sealing material. 

104. An apparatus for plastically deforming and radially expanding a tubular . 
member, comprising: 
25 means for plastically deforming and radially expanding a first end of the 

tubular member; and 

means for plastically deforming and radially expanding a second end of the 
tubular member. * * 

30 105. The apparatus of claim 104, further comprising: 

means for anchoring the tubular membo- during the radial expansion. 
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106. An apparatus for plastically deforming and radially expanding a tubular 
member, conprising: 

a tubular support member including a first passage; 
5 an expansion cone coupled to the tubular support having a second passage 

fluidicly coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface 
of the expansion cone; 

ah expandable tubular member coupled to an end of the annular expansion 
10 cone launcher, 

a shoe coupled to another end of the annular expansion cone laimcher having a 
valveable fluid passage; and 

another aimular expansion cone movably coupled to the tubular 
member; 

15 wherein the annular expansion cones are positioned in opposite orientations. 

107. The apparatus of claim 106, v^herein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 

20 expand a second end of the expandable tubular member. 

108. The apparatus of claim 106, further conq>rising: 

an anchoring member coupled to the tubular support member adapted to hold- 
the expandable tubular. 

25 

109. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a first end of the tubular member, 

and 

30 plastically deforming and radially expanding a second end of the tubular 

member. 
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1 1 0. The method of claim 1 09, fiirtfier compnsmg: 

anchoring the tubular member during the radial expansion. 



5 111. The method of claim 109, wherein the first end of Hit tubular member is 
plastically deformed and radially expanded before the second end. 

112. llie method of claim 1.09, plastically deforming and radially eigianding the 
second end of the tubular member con^nises injecting a fluidic material into the • 

10 tubular member. 

1 13. A jnethod of coupling a first tubular membor to a second tubular member, 
comprising: 

positioning the second tubular member inside the first tubular member in an 
15 overlapping relationship; 

plastically deforming and radially expanding the ^d of the second tubular 
member that overiaps with the first tubular member; 

plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

20 

1 1 4. The method of claim 1 1 3, fiirther comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 

25 1 I S. The method of claini 1 14, wherein the inside diameters of the first and second 
tubular members are substantially equal after tiie radial expansions. 

1 16. An sipparatus for coupling a first tubular member to a second tubular member, 
comprising: 

30 means for positioning the second tubular member inside the first tubular 

member in an overlapping relationship; 
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means for plastically defonning and radially expanding the end of the second 
tubular member that overlaps with the first tubular member; 

means for plastically defonning and radially expanding the remaining portion 
of the second tubular member. 

1 1 7. The apparatus of claim 1 1 6, further comprising: 

means for plastically definming and radially expanding at least a portion of the 
second tubular member, 

1 1 8. The apparatus of claim 1 17, wherein the inside diameters of the first and 
second tubular members are substantially equal after tlie radial expansions. 

119. An apparatus for forming a wellbore casing within a wellbore, conQ>risingr 
means for supporting a tubular member within the wellbore; 

means for plastically defonning and radially expanding a first end of the " 
tubular member; and 

means for plastically deforming and radially expanding a second end of the 
tubular member. 

• .'•f.-' ■' 

1 20. The apparatus of claim 1 1 9, further comprising: - 

means for anchoring the tubular member during the radial expansion. 

121. The apparatus of claim 1 19, further con^>rising: 

means for injecting a hardenable fluidic sealing material into an annulus 
betwera the tubular member and the wellbore. 

122. An apparatus for forming a wellbore casing within a wellbore, conq>rising: 
a tubular suj^rt member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 
fluidicly coupled to the first passage and an outer conical surface; 



87 



an annular expansion cone launcher mpvably coupled to outer conical surface 
of the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion 
cone launcher; 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support 
member; 

wherein the annular expansion cones are positioned in opposite orientations. 

123. The apparatus of claim 122, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular mtember 
and the other annular expansion cone is adaptjsd to plastically deform and radially . 
expand a second end of the expandable tubular nfiember. 

124. The apparatus of claim 122, further comprising: 

an anchoring menEiber coupled to the tubular support member adapted to hold 
the expandable tubular. 

125. A method of forming a wellbore casing within a wellbore, comprising: . 
plastically deforming and radially expanding a first eiid of the tubular member; 

and 

plastically deforming and radially expanding a second end of the tubular 
-member. 

126. The method of claim 125, further comprising: 
anchoring the tubular member during the radial expansion. 

127. The method of claim 125, wherein the first end of the tubular member is 
plastically deformed and radially expanded before the second end. 



88 



128. Tbe method of claim 125, plastically deforming and radially expanding 
second end of the tubular member comprises injecting a fluidic material into the 
tubular member. 

5 129. The method of claim 125, forther coiT55rising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubuto member and the wellbore. 

130. A method of forming a wellbore casing within a wellbore, conqjrising: 
10 plastically deforming and radially expanding a first tubular member within the 

wellbore; 

positioning a second tubular member inside the first tubular member in an 
overlapping relationship; 

plastically deforming and radiaUy expanding the end of the second tubular 
1 5 member that overlaps with the first tubular member, 

plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

131. The method of claim 130, fiirther comprising: 

20 plastically deforming and radially expanding at least a portion of the second 

tubular member. 

132. The method of claim 131, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

25 

133. The method of claim 130, finther comprising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
. tubular member and the wellbore. 

30 1 34. The method of claim 130, fiirther comprising: 
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injecting a hardenable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. 

135. An apparatus for forming a wellbore casing within a wellbore, comprising: 

5 means for plastically deforming and radially expanding a first tubular member 

within the wellbore; 

means for positioning the second tubular member inside the first tubular 
memb^ in an overl^ping relationship; 

means for plastically deforming and radially expanding the end of the second 
1 0 tubular member that overisqps with the first tubular member; 

means for plastically defomning and radially expanding the remaining portion 
of the second tubular member. 

136. The apparatus of claim 135, further comprising: 

1 5 means for plastically deforming and radially expanding at least a portion of the 

second tubular member. 

137. The apparatus of claim 136, wherein the inside diameters of the first and 
second tubular members are substantially equal after the radial expansions. 

20 

1 38. The apparatus of claim 135, further comprising: 

means for injecting a hardenable fluidic sealing material into an armulus 
between the first tubular member and the wellbore. 

25 139. The apparatus of claim 135, further coirq>rising: 

means for injecting a hardenable fluidic sealing materia] into an annulus 
between the second tubular member and the wellbore. 

140. An apparatus for bridging an axial gap between opposing pairs of wellbore 
30 casing within a wellbore, comprising: 
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means for supporting a tubular member in overlapping relation to the^pposing 
ends of the wellbore casings; 

means for plastically deforming and radially expanding the tubular member; 

and 

5 means for plastically deforming and radially expanding the tubular member 

and the opposing ends of the wellbore casings. 

14 L A method of bridging an axial gap between opposing pairs of wellbore casing 

within a wellbore, conqjrising: 
1 0 supporting a tubular member in overlapping relation to the opposing ends of 

the wellbore casings; 

plastically deforming and radially expanding the tubular member, and 
plastically deforming and radially expanding the tubular member and the 

opposing ends of the wellbore casings. 

15 

142. A method of forming a structure having desired strength charactoistics, 
comprising: 

providing a first tubular member, and 

plastically deforming and radially expanding additional tubular members onto 
20 the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 

143. A method of forming a wellbore casing within a wellbore having desired 
strwigth characteristics, comprising: 

25 plastically deforming and radially expanding a first tubular member within the 

wellbore; and 

plastically deforming and radially expanding additional tubulair members onto 
the interior surface of the. first tubular member imtil the desired strength 
characteristics are achieved. 
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144. A method of coupling a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODo and an original wall 
thickness to, conq>rising: 

plastically deformmg and radially expanding a first portion of the first tubular 
5 member to a first outside diameter, 

plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside flie first tubular member in 
overlapping relation to the first portion of die first tubular member 
10 plastically defonning and radially expanding Ae second tubular member to a 

third outside diameter, and 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter, 

wherein the inside diameters of the first and second tubular members after the 
1 5 plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter OD© of the first tubular 
member to the original wall thickness to of the first tubular memb^ is greats than or 
equal to 16. 

20 145. A method of fonning a mono-diameter wellbore casing, conQ)rising: 

positioning a first tubular member within a wellbore, the first tubular membor 
having an original outside diameter ODo ^d an original wall thickness t©; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 
25 plastically deforming and radially expanding another portion of the first 

tubular member to a second outside diameter, 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically defonning and radially expanding the second tubular member to a 
30 third outside diameter, and 
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plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 
5 wherein the ratio of the original outside diameter ODq of the first tubular 

member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

146. An apparatus, comprising: 

10 a plastically deformed and radially expanded tubular member having a first 

portion having a first outside diameter ^d a remaining portion having a second 
outside diameter; 

wherein the ratio of the original outside diameter OD© of the first tubular 
member to the original wall tiiickness to of the first tubular member js greater than or 
15 ' equal to 16. 

147. An apparatus, conprising: 

a plastically deformed and radially expanded fiirst tubular member having a 
fiirst portion having a first outside diameter and a remaining portion having a second 
20 outside diameter; and 

a plastically deformed and radially expanded second tubular member coupled 
to the first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODo of the first tubular 
member to the original wall diickne^ ^ of the first tubular member is greater dian or 
25 equal to 16. 

148. The apparatus of claim 147, wherein the inside diameters of the first and 
second tubular members are substantially equal; 

30 149. A wellbore casing formed in a wellbore, comprising: 
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a plastically deformed and radially expanded first tubular member having a 
first portion having a first outside diameter.and a remaining portion having a second 
outside diamet^ and 

a plastically deformed and radially expanded second tubular member coupled 
to the first portion of the first tubular member, 

wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall thickness t© of the first tubular member is greato: ftan or 
equal to 16. 

150. The- casing of claim 149, wherein flie inside diameters of the first and second 
tubular members are substantially equal. 

151. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member 
wherein the ratio of the original outside diameter ODq of the tubular member 
to tiie original wall thickness to of the tubular member is greater than or equal to 16. 
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